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PREFACE. 


In the compilation of this ManvuU of Hotauy, the object has been 
to give a comprehensive, and, at the ame rime, condensed view of 
all departments of the science. Attention is directed, first, to the 
Elementary structure of plants, and the ftinctions of the simplest 
tissues, and then to the Compound organs, and the functions which 
they perfonn. In the consideration of these subjects, the works of 
Jussieu and Ilenfrey have served as a model. The application of 
Physiology to Agriculture, both as regards the cultivation of plants 
and their diseases, is brought under notice; the w'orks of Liebig, 
Miildcr, and Johnston having been consulted. In .the important 
subject of Classification, much aid has been derived from the standard 
work of Lindley. The system adopted is tliat of De Candolle, but 
in the {urangement and definition of the natiual orders, Walker 
Arnott has been chiefly followed. Many important liints have been 
derived fi*om Henslow’s excellent Syllabus, a.s well as from the sys¬ 
tematic work of Endlicher. •In detailing the properties of plants, 
care has been taken to notice all those which arc important in a 
medical and economical point of view—Christison, Eoyle, Burnett, 
and lindley, supplying valuable data. In the chapter on the Geo¬ 
graphical distribution of plants, a very general view is given of the 
principal fiicts brought forward by Meyen, Schouw, Humboldt, Berg- 
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haufl, Watson, and Forbes^ and in Fossil Botany, the labours of 
Brongniart, Ansted, and Hooker have been made available. The 
Publishers placed at the Author’s disposal, the wood-cuts of Jussieu’s 
Cours Elementaire, and some from Beudant’s Geology, and, in addi- 
tip^^ to these, there are others taken from Easpail, St. Hilaire, 
S<mladen, Amici, and Maout. By combining together in the hlanuai, 
information which tlie student has to acquire by the consultation of 
several volumes, it is hoped that the work may be a useful text-book. 



INTRODUCTORY REMARRS. 


I'f has too often ten supposed that tlie principal object of Botany is to give 
names to the vegetable productions of the globe, and to arrange them in such a 
way that these names may be easily found out. This is a most erroneous view 
of the science, and one which was periiaps fostered by some of the advocates (rf 
the Linnxan system. The number of species collected 1^ a botanist is not con¬ 
sidered now-a-days as a measure of his acquirements, and names and dassifica- 
tions are only the mechanism by means which the true principles of tlie science 
aie elicited. The views in regard to a naturd system proposed by Bay and 
Jussieu did much to emancipate botany h«m the trammels of artificial methods, 
and to place it in its proper rank as a science. Their labours have been ably 
carried out by De Candolle, Brown, Ihidlicher, Lindley, Hooker, Amott, and 
many others. The relative importance of the different organs of plants, their 
structnre, development, and metamorphoses, are now studied upon philosophical 
principles. The researches of Gandichand, Mirbel, and others, as to the struc¬ 
ture-and formation of wood; the observations of Schleidcn and Mohl on cell 
development; the investigations of Brown, Schleiden, Fiitzsche, Amid, Meyen, 
Griffith, and others, into the functions of the pollen, the development of the ovule, 
mid the fonnation of the embryo; the experiments of Schultz, Deemsne, and 
Thuret, on the movements observed in the cells, vessels, and spores of plants, 
and various other physiolo^cal inquiries, have promoted much our knowledge 
of the alliances and affinities of plants. Thus the labours of vegetable anmornists 
and physiolog^ts all tend to give correct views of the relation whidi plants bear 
to each other, and of the great plan on which they were formed by the All-wise 
Creator. 

The Botanist, in accomplishing the ends he has in view, takes an enlarged 
and comprehensive view of the vegetation with which the earth is clothed. He 
considerB the varied aspects under which plants iqipear in the different quarters 
of the globe, fiom the Lichen on the Alpine summits, or on the Conti reef, to 
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^ myestto Palms, tUe Baramas and Baobabs of tropica! climes—{inm the 
n^avte aqnatios of our noiihem .pools to the gigantic Tictoria of the South 
jfaw i fe an inters—fiom the parasitic firngus, onfy visible by the md of the 
^|t3arosoope, to tiie oiormons parasite discovered by Baffles in the Indian And)i> 

I Tt is interesting to trace the relation which all these plants bear to each other, 
mode in which they are adapted to different climates and situations. 
1%e lichens aro propi^ated by spores (seeds) so minute as to appear like thin 
dust, and so easily carried by the wind that we can scarcely conceive any place 
which they cannot reach. They are the first occupants of the sterile rock and 
the coral-formed island—being fitted to derive the greater part of their ■nourisli- 
ment from the atmosphere and tlic moisture suspended in it. By degrees they 
apt on the rocks to which they are attached, and cause thrar disintegration. By 
their decay a portion of vegetable mould is formed, and in progress of time a 
sufficient quantity of soil is produced to serve for the germination of the seeds of 
higher plants. In this way the coral island is, in the course of years, covered 
with a forest of coco-nut trees. Thus it is that the most despised weeds lay the 
foundation for the denizens of the wood; and thus, in the progress of time, the 
sterile rock presents ail the varieties of meadow, thicket, and forest. 

The Creator has distributed his fiorai gifts over eveiy part of the globe, from 
the poles to the equator. Every climate has its peculiar vegetation, and the 
surface of the earth may be divided into regions characterized by certain jire- 
dominating tribes of plants. The same thing takes place on the lofty mountains 
of warm climates, which may be said to present an epitome of the horizontal 
distribution of plants. Again, if we descend into the bowels of the earth, we 
find there traces of vegetation—a vegetation, however, which flourished at dis¬ 
tant epochs of the earth’s history, and the traces of which are seen in the coal, 
and in the fossil plants which are met with in different strata. By the labours 
at Brongniart espcciaUy, these fossil reramns have been rendered available for 
the purposes of science. Many points have been determined relative to their 
structure, as well as in regard to the climate and soil in wliich they grew, and 
much md has been afforded to the Geologist in bis investigations. 

The bearings which Botany has on Zoology are seen when we consider tlus 
lowest tribe of plants, such as Diatomaceo:. ^hese bear a striking resemblance 
to the lowest animals, and have been figured as such by Ehrenberg and othere. 
The observations of Thwaites on Conjugation have confirmed the view of the 
vegetable nature of many of these bodies. There appear, however, to be many 
productions whiefo occiq^y a. sort of intermediate territory between tiro animal 
and vegetable kingdom,- ffid for the time being the Botanist and Zoologist mud! 
consent to joint occtqrancy. 

The application of botamcal science to Agriculture and Um^icnlture has of late 
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attracted much attention, utd the chemuiiy of planta has been caxefuUj ezunked 
by Liebig, Mulder, and Johnston. The oonsidera^on of the phenoniena con* 
nected with gennination, and the nutrition of plaiite, has led to important con- 
ulnrious as to sowing, draining, ploughing, the rotation (d* crops, and the Bse ^ 
mannres. 

The rdation which Botany bears to iledidne has often been misasderBtood. 
The medical student is apt to suppose that all he is to acqtdre ly his botaidctd 
pursuits, is a knowledge of the names and orders of medidnal phmts. The 
object of the connection between scientific and mere professionSil studies is here 
lost sight of. It ought ever to be borne in mind Iw the medical man, that the 
use of the collateral sciences, as they are termed, Is not only to give him a great 
amonnt of general informatioir, which will be of value to him in his after career, 
bill to timn his mind to that kind of research which is essential to the stndent of 
medicine, and to impart to it a tone and a vigonr whicli will be of the highest 
moment in all his future investigations. What can be more necessary for a 
medical man, than the power of making accurate observations, and of forming 
correct distinctions and diagnoses? These are the qualities which are bronght 
into constant exerdse in tiie proseention of the Iwtanical inr'estigations, to which 
the student ought to turn his attention, as preliminary to the stndy of practical 
medicine. In the prosecution of his physiolo^cal researches, it is of the highest 
importance that tlie medical man slionld be conversant with the phenomena 
exhibited by plants. For no one can be reckoned a scientific pbyddogjst who 
docs not embrace within the range of his inquiries all classes of animated beings; 
and tbc more extended his vietvs, the more certain and comprehensive will be 
his generalizations. 

To those who prosecute science for amusement. Botany presents many points 
of interest and attraction. Though relating to living and organized beings, the 
prosecution of it calls for no painful experiments nor forbidding dissections. It 
adds pleasure to every walk, and atfords an endless source of gratification, which 
can be rendered available alike in the doset and in the field. The prosecution 
of it combines healthful and spirit-stirring recreation with sdentific study; and 
its votaries are united by assodations of no onlinary kind. He who has visited 
the Scottish Highlands with a botanical party, knows well the feelings of ddight 
connected with such a ramble—^fcqjings by no means of an evanescent nature, 
but lasting during life, and at once recalled by the sight of the specimens which 
were collected. These apparently insignificant remnants of vegetation recall 
many a tale of adventnre, and arc associated with the delightful recollection of 
many a friend. It is not indeed a matter of sniprisc, that those who have lived 
and walked for weeks together in a Highland ramble, who have met in sunshine 
and in tempest, who have climbed together the misty summits, and have slept 
in the miserable shieling—should have such scenes indelibly impressed on their 
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' is, moieoTOr, something pecnliarlf attractive in the' collecting 
Their osmpaiative rarity, the localities k vrbich,tltey grow, 
th^ hues, conspire k shedding around them a halo of 

jfar.'efceydhijg' that connected with lowlmtd prodnctions. The alpine 
jUjlts^iflq^ykg its lovely blue corolla on the verge of dissolving snows; the 
the mountak summit, whose tints &r excel those of its name- 
k^;^e Woodsia, with its tufted fronds, adorning the clefts of 
ttfe''RN3ai;''!riie. imhwy Gentian concealing its eye of blue k the ledges of the steep 
cragsj tiw a^^ Astragalus enlivenkg the turf with its purple clusters; the 
Lychnis chooskg the stony and dry hnoU &r the evolution of its pink petals; the 
Sonchus rairing its statdy stfdk and azure heads in spots which tty the entbn- 
siaon cd* the adventurous collector; the pale-flowered Oxytropis oemfining itself 
to a single British cliff; the Azalea formkg a carpet of the ricliest crimson; the 
Saxiflages, with their white, yellow, and pkk blossoms, clotiiing the sides of 
the streams; the Saussnrea and Erigeron crowning tire rocks with their purple 
and ]nnk capitula; the pendent Ckqnefotl blendkg its yellow flowers with the 
white of the alpine Ccrastiums and the bright like of the stony Veronica; the 
Btemless SQene gimg a pkk and velvety covering to the decomposing gronim; 
the yellow Hieracia, whoee varied tranaition fomahavo bceu sucli a fertile canse 
of dispute among botanists; the slender and delicate grasses, the obickweeik, the 
carices, and the rushes, which spring np on the mobt alpkc summits ; tiie gracc- 
ihl ferns, the tiny mosses, witii thtii nm-Hke theca;, the crustaceous dry lidtens, 
with ihmr spore-bearing apothecia; all these add such a charm to highland 
botany, as to throw a comparative shade over the vegetation of the plains. 

Many are the important lessons which may be draurn ftom tiic study of plants, 
when prosecuted k the true spirit of Wisdom. The voinme of Creation is then 
made the handmaid of the voinme of Inspiration, and the more that each Is 
studied, the more shall we find occasion to observe the harmony that subsists 
between them. It is only Science, falsely so called, which is in any way opposed 
to Scriptoie. Never, k a skgle ketance, remarks Ganssen, do we find the 
Bible in oppotition to the jnst ideas whicb Science has given us regardkg the 
form of our globe, its magnitude, its geology, and the productions which cover 
the snrfaoe. “ The kvitible things of God from the creation of the world arc 
dearly seen, bekg understood by the things that are made, even his eternal 
power and Godhead.” The more mkntely we examke the phenomena of the 
material wwld, and the more fully we compare the facts of Scicnoe with Bevealed 
Tiath, the more reason shall we have to exdaim, k adoring wonder, with the 
^Tsalmist of old, “ 0 Lord! how numifold are thy works! k wisdom hast thou 
made them all;'the earth is full of thy riches.” 
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BOTANY. 


PART L 

H 

VEGETABLE ANATGMY; OBGANGGEAPHY, AND 
PHYSIOLOGY. 


1. ‘Botany is that branch of s<^ 0 e whiiii eompr^ends the know¬ 
ledge of all that rdates to the VegetiMe Kingdmn. It embraces a con¬ 
sideration of the external oonfigurataon of |nants, their structure, the 
functions w'hich they perform, the relations which they bear to each 
other, and the uses to whidi tliey are subservient It has been 
divided into the following depmtments:—1. Structural Botany, or 
Organography, which has Terence to the texfcires of which plants are 
composed, and to the forms of their variotB organs. 2. Physiological 
Botany, in which plants are considered in their living or active state, 
and while performing certain vital hmetiot^ 3. Systematical Botany, 
or Taxonomy, the arrangement and classification of plants. 4. Geogra¬ 
phical Botany, or the d^iibution of plants over the globe. An^ 5. 
Fossil Botany, or the nature of the plants found in a fossil state in the 
various geological formations. 


CHAPTER I. 

ELEMENTARY ORGANS, OR VEGETABLE TISSDEa 

2. In their earliest and simplest state, plants consist of minute vesicles, 
formed by an elastic transparent tniembrane. Which is composed of a 
jubstance called Cellulose. This substance is of general occurrence, 

B 
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sad oowtitutes &e basis of vegetable tissues. The chemical fomula 
T^Spesenting it is C** H® 0» or 2 (C« + HO.* It is allied 

^ becomes yellow on the addition of iodine, and wh^ acted 

tqxni by iodine and sulpbuiic add assumes a blue colour. 'Hie mem- 
rormed by it is petmeable by fluids, and becomes altered in the 
J3K0KBS of gRTvra, SO as to acqmxe various degrees of consistence. In 
'4ie advi^cM stages of growth, plants consist of two kinds of tissue. 


fh^ organs. 'These, by their union, form the Compmnd 

orgtittt, by whim the different Amotions of plants are carried on. 

S. Hie eleoientary organs consist of vesicles and tubes, varying in 

O ^form and size, and united in different ways. 'The vesicles 
V.^are cavities surrotmded by a membrane, their length not 
1 much exceeding their breath (fig. 1); while the tubes are 
similar cavities more or less elonga^ (figs. 3, 4). 


SECTION I.—CELLULAR TISSUE. 

1.—^Fobm Aim Abkakoemzkt or Caiaa. 

4. Cenaiu.TiMme is formed by the union of minute vesides or blad¬ 
ders, called cells, cellules, or utricles. This tissue is often calli'dParench 3 rma 
(rmgei, bedde or between, and }e>^fc», any thing cfliised or 
sprdwi out, tissue). Ihe derivation of Parenchyma is, some 

given through, and I inftlse. The individual 

cells of which it is composed, when allowed to develop them¬ 
selves equally in all parts of their circumference, are usually 
of a more or less rounded form (fig. 5, C, 7); but, when 
pressed upon during the progress of development, they be¬ 
come more elongated in one dmeclion tbm in another (fig. 2), 
and oft^n assume angular or polyhedral forms (fig. 8). 


0 
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5. The following names have been applied by Morren, and other 
authors, to the tissue made up of variouky-foimed cells:—1. Pceresi- 
chyma, a general name for cellular tissue, but dlen applied to that 
consisting of dodecahedral cells (fig. 8, 12, 18), which, when cut in 

* 7or the meaning of these and other chemical snnbola, ftce Chap. II. Si^ I. Dtv. 3, on tiie 
Food of I*lant8. Figs. 1, 6,6,7, 8.->Cell8, vesicles, or utricles, separate and cmnbinod. 

fig, 2.—Fosifonn or splndle-sbai^ cell. Figa 9, 4.*>-Tubes or yessels. 
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one direction, exhibit eui hex^nal form (figs. 14,15), and house thei« 
tissue is sometimes called fxxagoinimcihyfmi^timymnt, edx-angled); it h» 
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seen in the pith of the Elder, and in joum paba Sphceren 

chyma a sphere), spheroid (fig. B)r^*8. MenwAyrm 

(jtwva, to revolve), ^psoidal cdls (fig. 6), 4. Otien^yrm (i»p, an egg] 
oval cells. Eoun^ elliptioal, and oval oeDs] are common in herbaceon 
plants. 5. C'oneac/i,^ma(K«iMf, a cone), conical cells, as hairs. t.Columm 
cellular tissue, divided into CyJmdrmchyTm («va<» a cylinder), cylin 
drical cells, as in Chara (fig. 17 j^ kciAPrismeHchyma apnsm] 

prismatical cells, sem in the bsffk of some plants (fig. 10). Whei 
compressed, prismaticsd cells fotln -the mttr^hrm {murm, a wall, lik 
bricks of a building) tissue Of the medullary rays of woody stems, am 
when much shortened &ey assume a tabulm form, constituting Pinen 
chyma a table), tabular cells (fig. 11), or square cells (fig. 9] 

7. Prosenchyma (f 29), or Atractenckyma (^T{«*T»f, a spindle), 
form or spindle-^aped cells, seen in bai« and wood (fig. 2). ? 
Colpenchyma (xo'avo;, a tinus or fold), tinuous or waved cells, as m th 
cuticle of leaves. 9. Cladenchyma (xXaSo;, a branch), branched celh 
as in some hairs. 10. ActineHchyma (eUTn, a ray), stellate or ladiat 
ingcells, asin JuncusandMusla(fig. 16). 11. Dc^lenckyma(iiaiimM 
entangled), entangled cells, as in some Fungi 
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6. The size cells varies not less than their figure in difieren 
plants, and in different parts of the same pbnt. They are frequentl 
seen from to of an iSch in diameter. In cork, which is cellu 
lar, Hooke found more than a thousand in the length of an inch^ 

7. Eadx cell consists originally of a separate membrane, but in th 
progress of growth the walls of contiguous cells may become united 
When cells are united by their ejflxemities (fig. 17), their partitions 

FJgs. 9v 10,11s 12 , IJI—FIrwcb representing the fonns erf cellt. Hgs. 14» 15.—HexagoniU ceH». 

Mg. 16.—Bninchiog cells of VlcU Ftte. 1 1, latercwuUir liicame. 
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are oocssioaallj absorbed so as to &nii continuous tubes. When 
cells J^re uiiUted.in a rectilinear nuuoner, those in contiguous rows are 
ffitl^.directfy opposite to each other, that is, are plac^ at the same 
he^t (fig. 18), or^ alternate, from being placed at different haghts 
,19); odis sometimes communicate with each other laterally (fig. 

Isolated odls, as spores of sea-weeds, occaaonally have fi:ee 
fll^ltdtts, or alia (cWian, an eyelash)., developed on their surface. 
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8 . The simplest kinds of plants, as mudircssms and sea-weeds, are 
composed entirely of cellular tissue, and are called Cellulares. Tlie 
pulpy and succulent parts of aU. plants contain much cellular tissue, 
and the object of horticultural operations is to increase the quantity of 
this tissue in ordinary finits and vegetables. The pith of trees and 
plants during their early development is cellular; so also are cotton 
and rice-paper. 

9. In genm-al, no visible openings cmt be detected in cells, although 
fluids para readily into and out of them. Halting and Miilder, however, 
state, that they have observed perforations in the ceUs d’Hoya camosa, 
Asdepias syriaca, Cycas revoluta, Virginian spiderwort, and Traveller’s 
joy. In one cell (^m a Euphorbia), having a transverse diameter of 
0.08777 millimetres,* they counted 45 minute holes. In some mosses, 
also, openings have been found in the ceils. 

10. P«H«u celh are those in which the membrane has been thick- 
^ ened at certain parts, leaving thin rounded spots, which, 

when viewed by tiansmitted light, appear like perfora¬ 
tions or pores (ngs. 21, 28). The pores of contiguous 
cells usually correspond as, regards position, and some¬ 
times the membrane becomes absorbed between them, so 
as to allow a direct communication by means of lateral 
n canals, as is seen in the cells from the root of the Date 



ng*. 17,18, IS.—CeUs united together I); their extiwnlttea. 

Hg. 20.—EtoDgotod thldcened cells, tram the not of the Date pahn. a a. Canals of ooBmanl- 
estlon. 

Fig. 21.—Porous cell, fhnn the Elder (SernibUcut nignti. 

Fig. 22.—ArUcuhtted Bothrenchynia, or TsphTOiohrinn, from HIsletoe, having s monUlfiom 
appearance. * A miUhnetre is abolU l-2Sth of an English Inch. 
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(fig. 20 a o). When porous cells are united end to end, sh as to 
form tubes, they have been denominated arthuic^ed Bo^renchymd 
(0it(oc, a pit), on account of the pits or depressions in thdr tliickened 
walls (fig. 22). 

11. vibrmn ur Srind ceito are those in which there is a spiral 
elastic fibre coiled up in the indde of the membrane (fig. 23). 'V^en 
united, they form J&ro-edlular tissue, or Inenchyma (/««, fibres). These 
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cells genexaUy consist ,of membrane and fibre combined, but the 
former appears to be sometimes absorbed wholly or partially during 
the progress of growth. The membrane, in some instances, is easily dis¬ 
solved by water, and then the elastic close convolutions of the fibre q>ring 
out with considerable force, as in the outer covering of the se^ of 
Collomia and Salvia. Spiral cells abound in many of the Orchidaceous 
plants, and in the Cncttis tribe. They are also found in riie inner 
covering of anthers, in the spore-cases of many of the lower tribes of 
plants, and in the coats of the seed of Acanthodium spicatum. The 
spiral filaments sometimes exhibit peculiar movements when placed 
in water. The fibre varies fiom about to ysiss of an inch in 
diameter; it is solid, and presents either'^ tirciiW, an elliptic, or a 
quadiun^ur section. The coils, of the fibre sometimes separate firom 
each other, and become broken up and united in various ways, so as 
to appear in tlic form of tings, bars, or dots, thus pving rise to annuiar 
(fig. 24), reticulated (fig. 25), scaiarijform and dotted odls (fig. 26), which 
constitute the spurious or imperfect Inenchyma of authors. 

12. In certain parts of plante cells are placed closely together, and 

compressed so as to touch each other by flat surfaces, filling up space 
completely, and leaving no intervals; th^then form pelfect Paren¬ 

chyma of ^hleiden (fim 8,27). In lax tissues, however, ^e cells retain 
a rounded shape, and then iDuch each other at certain points only, 
leaving intervals of various sizes and shapes, and forming toe impeifect 
Parenchyma of SchJeiden (figs. 7,28). These intervals, when of moder¬ 
ate size and continuous, are called mUrcdlsdaer passages or canals; when “ 
large, irregular, and circumscribed, ^ces, or Locutub (Sg. 

16 It). 

13. A difierence of opinion prevails as to toe mode in which cells 

Figs. 28,24, 25.—Spiral, annular, andreticnlated cells, from Mlaletoe iVitamnOfum). 

Fig. 2{i,—Scalarlfonn and dotted cells, Horn Elder iSamlmcut nigra). 
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umted together. Soine maintain that the oell-walls in the young 
eflate unite together directly, and become agglutinated, more or less, 


a 
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according to their places of contact. Others, as Mohl and Hen&uy, 
hold that there is an intercelixdar matter which acts as a sort of 
cement, or CoUenchyma (w'aa*, glutinous matter). In sea-weeds, the 
cells, of which the entire plant is composed, are placed at a distance 
from each other (%. 29 a a), and the intervals are filled up by this 
intercellular substance (fig. 29 J), which thus forms a large part of 
their bulk. In the higher ^classes of plants, when the ceUs touch 
each other, the layer of intercellular matter must be very thin, except 
in the intercellular canals or spaces. Mirbel looks upon it as the re- 


ba 



mains of the mucilaginous fluid in which the cells were originally deve¬ 
loped, and which has become thickened to a greater or less degree, as 
in the root of the Date (fig. 30), where aaa indicate the cells, and 
6 J J the interposed substance. 

2.—COKTESTB OF (SsLia. 

14. Ihe external membrane of cells is composed of the unazotised 
lubstance called Cellulose, and in their interior a mucilaginous matter 
a , contained, which undergoes changes in the progress of growth. 

A'"' 

W.—tJenalai’ tianis, fWm pith of Elder. 

, Mg. sa—Poroue Merenehraia, from Houseleek (Sempervimm lectorum). a, Intereellnler ciuial. 
Fig. !9.-4CeUslar tieeue of Sea-weed (Bmumlhaiia kma), so, CeUa 0, Inter^lolar iiiattN, 
Mg 80.—Ceutral portion of yousg root of Date, a a a, Thickened cells. 66^ Intenellnlar 
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This matter is - the Protoplasm (vmto;, first, and *hi9p», formative 
matter) of Mohl, tire Cyt(Alastema a cell, aod ^Aar^fia,, a germ) 
of some authors. It is at first homogeneotis, but ultimately assumes 
a granular form. It contams nitrogen in its compotition, or is azotised, 
and it assumes a brownish colour when acted upon* by- iodine It 
forms a mucilaginous layer on the inner surfoce the cell-wall, and 
thus gives rise to the internal utricle of Harting and Mulder, tiie 
ordkU utricle of Mirbel. This iimer membrane is visible in the young 
state of the cell, and under the action of tincture of iodine may be 
made to contract and separate fiem the outer cell-wall It may also 
be rendered distinct by the action of strong hydrochloric arid, and by 
diluted sulphuric acid. When the process of lignification or thicken¬ 
ing has advanced, this utricle disappears, in consequence of becoming 
incorporated with the cell-wall. 

15. In certain cells the membrane continues throughout to be formed 
of a thin layer of cellulose, while in others it becomes thickened by the 
deposition of matter on its inner side. These secondary deposits, or in¬ 
crustations, arc sometimes of a gelatinous consistence; at other times they 
are hard. In the latter ca^, the incrusting matter is looked iq>on as a 
modification of cellulose, and has received the name of Ugnine {lignum, 
wood), or sclerogen (rnXtifij, hard, and yirtitn, to generate). On mak¬ 
ing sections of such cells, in a transverse (fig. 31) or longitudinal di¬ 
rection (fig. 32), the successive layers may 
be seen either continuous aO round, or leav¬ 
ing parts of the membrane uncovered. Cells 
of this kind are well seen under the micro¬ 
scope in fliin sections of the hard shell of the 
Coco-nut, or of Attalea funifera, and of the 
hard seed of the Ivoiy Palm. In all cell- 
deposits there Ls a tendency to a spiral ar¬ 
rangement. When the deposition is uniform over the whole surfoce, 
this arrangement may not be detected; but when interruptions take 
place, then the continued coil becomes evident. In spiral cells the 
fibre seems to be formed before the fiiU development of the cell, the coils 
of the fibre being at first in contact, and afierwards 
separated, whereas the secondary thickening layers are 
deposited alter the cell is fiiUy formed. 

16. Each cell is foimd to contain, at some period of 
its existence, a small body, called a nucleus (fig. 33,nn «), 
in which there are often one or two, rarely more, min¬ 
ute ^ts, called nucleoli. Tlie nucleus is of a round 
or o’m shape, granular and dark, or homogeneous 
and transparent, bearing some resemblance to a smaller internal cell. 

Fig; SL-^-Transvereo section of from of Pear. 

Fig. 83.—LongltudlQAl Mellon of tbe same. FiUP 381 Kncleated cella from tbe Beet 
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.aite' not, “? either ^Tesides and 

ii«, lie i&oleiu,. or minute cavities ia its substance, 

.lie latter is supported by Bai^, who holds that a peculiar sub- 
staaoe, called ^a^me(^•^o{. glassX is developed there, nAioh, accord¬ 
ing to him, is the of the nucleus. The nucleus « situated at 
dpfenent parts of cell It is either fiee in ita cavity, or connected 
with'its. w^ V muedaginous threads, or iml)edded in uie substance of 
the Trn.mhi«ti^ The addition of acetic acid often renders the nucleus 
d^anct 

17 . Mw«h7 auirter is found in cells, wMdt constitute the tissue 
call^ Ity Morren, Peratd^fma (vs;*, a sac.) Starch exists in the 
form of granules, which are minute cells, (perhaps nuclei, as Mulder 
states,) in which nutritious matter is stored .up. This matter may be 
deposited in such away as to give the appearance of strire surrounding 
a point or hilum, which is considered as an opening into the odl. 
The grains of starch are well seen in the cells of the potato (fig. 34). 
In wheat (fig. S5X i^ maize (fig. 36), the form of the granules, 
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and the successive layers of deposit) are also seen. The grains in the 
stem of I^uphar luteum show die centripetal formation, that is, the 
imirease by layers deposited within each omer. ITre addition of iodine 
CRuses the grains of starch tO' assume a blue colour, and marks the 
difference between them and die walls of the cdl containing them. 

18. CiT«*h are found in the interior of cells. They probably 

8 owe liieir origin to the union between the acids pro¬ 
duced or taken up by plants, as' oxalic, phosphoric, 
malic and carbonia and the alkaline matter, as lime 
and potash, absorbed firon^ .the soil and drculatiug in the 
sap. .The crystals usus^ lie loose in the cells (tigs. 37, 
” 38); but, according to M^yea, they are sometimes found 
in a distinct tissue, and .suspended ffom the wall of a 
i large cell (fig. 39)-—filling what some hayU supposed to 
be the base of an undevsBoped hair. The crystals are 
87 of difierent sizes and forms. Ocqasionally, ^ single large 

crystal newly fills a ceB, but in general thbre are numerous crys^ 
tais united together. Sometimes the crystals radiate from a common 
point (figs. 40,41X and form a conglomerate mass; at other times they 


Tig. 9L —of Potato, odntai^g striated Ktarch gr^na. 

fig. Onina of atarch of Wheat Tig. S&^-^nlns of atarch of Haiae. 

Tig. 37.->OeUiilar tlasoe of Arum maeulatum. o, Celia containing chlurophylle. r r* Uaphidlan 
oaDa. 






lie paralld, and have 4ie appearaacft^ nee^^>A^L 

87, 88)^ To the latter, the Tuoue or Sapta/m a 
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acicular crystab (acus, h needle), was originally giten. It has been 
said that these crystals exist also in the intercellular q>aces; but thk 
seems to depend on the mode in whi(& the section of the plant is made, 
for when raphidian cells (fig. 42 r r r r) aria situated close to a lacuna, 
the crystals may easily be pushed into it. accidentally by the Imifo. 
Raphides consist principally of phosphate and oxalate of hme. Th^ 
abound in some plants, especially Cacti, and they r 

are coihmon in Squill, and in foe officinal Tut- r. ^ ^ 

key Rhubarb, which o^es its grittiness to their 
presence. One hundred gmns of rhubarb root e 
contain about 30 or 40 grains of ox^ate of lime 
crystals. Acicular ciyst^ may be e^y seen by 
making a section of any liliaceous plant, as the 
hyacinfo, and spreading foe thick mucilaginous ,. 42 ^^ 

matter of the cells on foe field of foe micro¬ 
scope. Radiating raphides are seen in the sejlals of Oreranium roberda- 
num and luddum; the crystals, consisting of oxalate of lithe, fill the 
whole of foe cells in foe middle of the sepal, their size varying firom 
51^55 to of an inch. Quekett found them in all foe sMcies of 
Pel^gonium and Morisonia that he examined, and he thinks that they 
are as general as foe beautiful markings in foe cuticle of the petals-m 
these plants. Clustered crystals- have been' detected in Malvacequs 
plants, and in the sepals of the strawberry; numerous acicular crystals 
have been observed in Fuchsias, and solitary cubical crystals in foe 
Buperiicial cells of the sepah of prunella vulgaris and XHanfous Caryo- 
f)hyllus. In the outer covering of foe seed of tUmns campestris, foe 
smuous boundaries of the epmpr^ed cells are traced out completely 

of Anrom maculatmn.. Cltuters of xtphiSn las large onU ceU nuroonded Iijr 
so.— Cellalar ttanio, from leaf of FIciu elaatlea. r, A large ceU. r. An agglomeration of 


of Beet vitb conglomerate nuUaqng ct7ata;|i, a. i, SepanitB ciTMalaef dilfrreat 



—Ooninomente enntali of oxalate of Ume from Bfauliarl). 

-^Oellalar tiam of Coloo^ Smln* dUoropliyna rrrr, Ka- 
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by mmute rectangnlar crystals adbering to each other. Unger detected 
oxalate of lime crystak^m ^ems bengalensis and Calathea zebrina. 

19. c^toMiikTUe gremi, and f a leaf), or the green 

DoSbniing matter of {danta, floats in the fluid of cells, accompanied by 
ataichgrains. It has a granular form (fig. 39 ii, 42 c),is soluble in alcohol, 
apjfpms to be analogous to wax in its composition, and is developed 
under the agency of Hght. Its granules are tisuaUy separate^but some¬ 
times diey unite in masses (fig. 37 c). Other kinds of colouimg matter 
are also produced during vegetation, and occur in the form of fluids or 
of granules in the interior of cells. 

' 20. on* and Reataen wamuue are found in the interior of cells, as 

well as in intercellulair spaces. The cavities containing th«m are deno¬ 
minated cysts, reservoirs cf oU, and rece^fitaclea of secretions. They are 
easily detected in the rind of the orange and lemon, in the myrtle tribe, 
and m Hypericum. ’When small portions of the fresh leaf of Schinris 
mollis are thrown on water, the resinoiis matter, by its rapid escape, 
causes them to move by jerks, and the surface of ^e fluid is covered 
with the exudation, to the bark of the Fir tribe there are cavities 
with thick walls containing turpentine. In the fruit of UmbeUifene, 
canals occur called v^tce {vitta, a head-band, from surrounding the 
fixiit), containing ofl. 

21. Airedla, or cavities containing air, consist either of circum- 

scribed spaces surro\mded by cells (fig. 43), or of lacunas 
jy foimed by the rupture or dmppearance of the septa be- 

tween a number of contiguous cells, as in grasses, Equise- 
m BT jp turn, Umbelhferous plants, and pith of Walnut They 
are ofl;en large in aquatic plants, and serve the purpose of 
« floating them,^ as in Pontede^ T^p^ Aldrovandi, and 
sea-weeds. / 

3.—Develofmest asd FosenoHS ok Cklis. 

22. The subject of Cell-development, or Cytogemsis {nirtt, a cell, and 

yisms, ori^), whkdi has given rise to great diversity of opinion among 
p^siologists, is still involved in much obscurity. By some it is 
aflmmed that the first appearance of vegetable tissue is in the form of 
a mudlagineus fluid, which, gradually thickening, b^mes hollowed 
into a number of small cavities coiatituting the iuture cells. Schleiden 
believes that the cell is formed from the nucleus, to which he gave 
the name of Cytohlmt a ceU, and fiKturlc, a germ), or ceU-germ, 

from its supposed generative ftmetion. This cytoblMt, acemding 
to hitfli is the part first formed: It acts by attracting the mucilagi¬ 
nous l&atter in which it lies, and forming around itself a sort of g^- 
tinotijr covering. There is ^us produced round the nucleus a closed 
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utride, wMch increases in size bj ^ assimiktian of Ibe fluid in which 
it is placed. The devdojnnent usuallj takes place on one side, the new 
odl appearing in the fend' of a transparent v^cle rising firom the 
surface, and leaving the nudeus attadied to the other side of the 
utricle (fig. 33). llie cytoblast is thm endosed in the utride, and may 
ultimately disappear by absorption,*leaving a non-nndeateci celL The 
membrane , surrounding the nudeus is converted gradually into cellu¬ 
lose, and thus the perfect cell is formed. According to Mohl, the 
nudeus is at first retained in the centre of the ceU by means of mucous 
threads, and afterwards becomes fixed to the sides. Occasionally, the 
nucleus becomes imbedded in a duplication of the cdl-walL This 
process of cell-development, according to Aasherson, is similar to what 
takes place when oil is mingled, with a mudlaginous or albuminous 
fluid, each minute molecule of oil becoming surrounded by a thin 
film of membrane. In this view the cdl is originally of a more or less 
globular form, ^d aU the varieties of shape afterwards seen are due 
to changes in the progress of growth. 

Barry affirms tliat a minute pelludd globule (hyaline) is first seen in 
the formative matter. This absorbs and assimilates new matter, enlarges 
and becomes granular, thus forming the cytoblast of Scbldden, after it 
has prepared a nucleolus for itself. The outer part of the cytoblast rises 
in the form of a membrane to produce a ceil; another portion of it is 
concerned m the formation of the contents of the cell; and what is left of 
the cytoblast in the cell-wall becomes the nudei» of the cell This nu¬ 
cleus (not the c 3 rtoblast of Schldden) remaining on the cell-wall, is not 
absorbed, but becomes the source whence cytoblasts are formed. Thus, 
according to Barry, the substance of the lar^ body is not deposited 
aroimd the smaller, but the smaller is transformed into the largdr; the 
nudeolus becomes the cytoblast, and the cytoblast becomes a nudeated 

As regards the devdopment of cells firom nudei, the present state of 
our knowledge does not warrant us in stating more than that there is 
a protoplasm, or soft organizable matter, which is contained in cells, Or 
in the spaces between them; that in this matter a nudeus is produced, 
either around previously existing nudeoli, or firom the graniiles of the 
jnotoplasm; and that the nucleus has the power of devdoping new 
cells, which become nucleated, ^crease in size, and escape fiom the 
parent cell, by rupture or abrorption. In the production of young 
cells, the nucleus of the parent c^ sometimes divides into two, each 
part having the power of giving rise to a new ceU. There is thus a 
ednstant multiplication of cells by an intra-cdlular or endogenous 
(l»lo», within, and to generate) process. 

28. It is suppos^ by some that cells may arise without a nudeus, 
by the simple aggregation of granular matter, which becomes enve¬ 
loped in a membrane, and thus forms a cdl with granular contents. 
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Itt Sudi cells, a body similar to a nadeus may be afterwards formed, 
and. inay assome the ftmction 6f the cytobjlast m Scbleiden, as ftix as the 
Bobsequmit endogenous development of new cells is concerned. Some 
pJiyffldo^ts maintain that the cytoblast is never concerned in cjrto- 
geneBis, but only takes part in the various chemical and other chmges 
^aduch occur in the contents of the cell during its growth and nu^tion. 
Mohl and Henftey state that new cells are produced by the division of 
the primordial utride (T 14), which gradually folds inwards about 
the middle, forming an annular constriction, and ultimatdy a complete 
separation of the utride into two parts. Each of these afterwards be¬ 
comes covered by a permanentaceU-wall. Henficy has supported tliis 
view by observations made on the hairs of IkadiKcantia and of Achimenes 
grandiflora, in which he has traced the gradual formation of a septum. 

24. Naegdi maintains that new cells are produced by the division 
of the primordial utride, or mucila^ous sac, as he calls it, and its 
contents into two or four portions, each of which encloses a firee nu- 
dens. From each of these portions, a cell, with its outer layer of 
cellulose, originates, whDe the parent cell becomes dissolved and disap¬ 
pears. The outer layer ef the new cells is formed, according to him, 
round, and by the separate portion of the divided utricle. The mode 
of dh^on he does not explain. This view does not appear to differ 
much fiem that adopted by Unger, who traces in Algoe the devdop- 
m^t of new cells, by a Jissiparma (Jissus, split, and pario, I produce), 
or. merimatic {ptfieftit, division) separation of the old ones into four 
divisionB, in Ihe some way as occurs in pohen grains. In some of the 
most simjde plants, multiplication takes place by a sort of sprouting of 
new cells ftom old ones, like buds from a stalk. 

25. The various theories of cell-development may be therefore re¬ 
duced to the following: 1. The Endogenous formation within a parent 
cell; 2. the Exogenous (|g«, without), without, or on the outside of 
the cell; 3. Merismatic, or by ^vision of cells; and, 4. Isolated, or 
the independent formation of cells in a protoplasm.* 

26i Ihe formation of cells from nuclei, and their ftssiparous division, 
are by some attributed to different dectiical currents excited by the 
chemical actions going on in the cell Cells are produced with great 
rapidity, e^dally in the case of iungi. Lindley calculates that the 
of Bovista ^gantea have been m^uoed at me rate of more than 
sixty-six millions in a minute, and Ward has noticed a simUar occur¬ 
rence in Phallus impudicus. In warm climates, at the commencement 
of the wet season, the production of cells in the higher classes of plants 
proceeds with astonishmg rapidity. 

* For s ft>n Tiev of the enb)ect of the dereloimient and growth of ecOa, the following worka 
nunr-be eonaulted:—Schlelden on Phytogeneaia, and Kohl on the Stmeture of the Vegetable 
Cell, translated in Taylor's Sdoniifle Uonolra, Vola. II. and IV.; Naegell od Vegetable Celia, 
Bay Sodety'a Becorta, ISid; Sharpey, Anatomy; M. Bany, Ptnretology of CMta Ac., in niilo- 
aopbieal Tranaactfoiu, 1S40; and on Ndolens of Cm In Jahtewnt Mew FUloaophlcal Journal for 
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27. The organized cells of plants appear to be the more immediate 
seats of the variow chaoses which ccmstitute the functions of nutxition 
and reproduction. In c^ular plants they are^the oi^ form of elemen¬ 
tary tissue produced throughout the '^hole of life. Iney absorb nour¬ 
ishment thorough tbedr wa^ elaborate secretions, and give rise to new 
individuals. In the newly-formed tissue of vascular plants, cells alcme 
at first exist. Fluid matters are absorbed them, and are transmitted 
from cell to cell by a process of transudation. Ibie name of Endosmose 
(IkSov, inwards, ftJui, /tZ, I seek), and Exosmose (?(«, outwards), were 
^ven by Dutrodiet to the process ^ transudation, wMdi leads to the 
motions of fluids of difi^ent deiwties placed on opposite sides of 
animal and vegetable membranes. Th^s process appears to be of uni- 
veistd occurrence in plants, being concerned in the movements of the 
sap, the opening of seed-vessels, and many other phenmnena The 
capsule of the Elaterium, for instance, opens with great force a pro¬ 
cess oT endosmose going on in the cells, and such is also the case with 
that of the Balsam. The power which cells possess cf absorbing fluids 
is well seen in sea-weeds, which, after being dii^ can easily be made 
to assume their natural appearance by immersion in fluids. It is also 
observable in the spores of the Equisetum, the teeth of Mosses, the 
seed-vessels of some Fig-maiygoldf^ the Bose of Jericho (Anastotica), 
Sind some Lycopodiums. 

Various organio secretions, which are necessary for growth and nour¬ 
ishment, are formed by the internal membrane of c^Qs. It is in cells 
that the azotised and unazotised matters ore dc^sited, whi<fe are after¬ 
wards applied to the purposep of vegetable life»„ In them we meet with 
the proteinc compounds, albumen, fibrine, md caseine, consisting of 
carbon, oxygen, hydro^n, and nitrogen, with proportions sulphur 
and phosphorus; as weU siS starch, gum, sugar, oil, and colouring mat¬ 
ters, in which no nitrogen occurs. Some of the organic matters feund 
in plants have l)een artificially formed by chemical means, while others 
have only as yet been met with in the living organism. Spiral ceils 
sometimes contain air. 

SECTION 11.—VASCULAE TISSUE. 

L—Fobk Atm Arka»qehi»t or yassBia, 

28. Tascnlar Tlwae, or An/gimchyma (iyyte) » vessel), consists of 
tubes whose length g^fly exceeds the^ breadth. These may be 
formed of membrane only, or of membrane altered in various ways 
by deposits of fibre, or thickening matter in the interior. 

29. WMiav mkre, or i.i«aeMa Ttouie, Pleurenckffma (wXfvgJ, a rib, 
from its firmnessV(fig,’44,) cohosts of tubes, or, according to some, 
elongated cells, o^a fusifom {Jitsua, a spin^) or spindle-like shape 
(%. 8), having iheir walls tliidkened so as to g^ve great firmness. So^ 
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have called this tissue Prosemhffma (rgo'o close to, in leferenoe to the 
dose ^position of l^e tubes]^ a tenu, however, generally 
sillied to shortened fusiform cells only. Pleurenchyma- 
K toils vessels lie dose together, overlap each other, and, by 
thdr union, give streng^ and solidity to the ^ant. Thar 
membrane becomes thickened by successive depodts of 
layers of odlulose and ^erogen, and in a transverse sec¬ 
tion the tubes present the appearance of concentric cirdes, 
occasional^ with intervals, where the ligneous mtter is 
defident (ng. 45). Thb%ood of trera is made up of fibres 
or tubes of this kindjl^and they ara found in theLlinner 
bark, and in th^,ydns of leaves. The woody fibres^ may 
be separated firom the cellular parts of plants by macera¬ 
tion. In this way Flax rad Hemp are procured, as well 
as the Bast used for mats. The stren^ of the woody 
fibres of different plants varies. Thus, New Zealand'Flax, 
the produce of Phormium tenax, is superior in tenacity to 
Common Hemp; while the latter, in its turn, excels Com¬ 
mon Flax, as well as Pita Flax, which is the produce of 
Agave americraa. Linen is formed from woody tissue. 
Cotton, on the other hand, consists of dongated cells or 
hairs, the membrane of which becomes contracted in the 
process csf drying, so as to appear twisted when viewed 
xmder the microscope. By this character mummy doth 
was shown* to be compost of linen. Woody fibres, in 
Miric, form muslin, lara, &c., some fine India muslins 
only are formed from woody fibre; other musUns are 
made of cotton; when reduced to small fia.gmehts, they constitute the 
pulp whence paper is made. 

In its ordinary form, Pleurenchyma has )ao definite markings 
on its walls; but in somd instances these pre- 
. Pi sent themselves in th^ iibrm of simple discs (fig. 
^ 46), orv<Jf discs with smaller cirdes in the 

centre (fig. 47). The latter occurs in the wood 
of Firs, Pines, and Winter’s bark, rad has re¬ 
ceived the name of glandular or punctated woody 
tissue. These markings are formed by concave 
depressions on the outside of the walls of conti¬ 
guous tubes, which are closdy applied to each 
other, forming lenticular pavities between the 
vessels. Idee two watch-glasses in apposition, 
and when viewed by transmitted light ^ey ap- 
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Fig. 44.—Woody flbres (/’fatirOKAynui,) ftom ClomaUa vitalba. 

Fig. 4S.— Trensverae Motion of the annie. 

Fl^ 4a—Woody flbres with circalar ^ts where the membrane Is thin (Bignofid). 

Fig. 47.—^Punctated woody tissae, with a doable mrcle or disc, fiom common Scotch flr. 

Fig. 4a—Longitudinal section of the tame, showing the union between the flbres and the mode 
in whieh the circles are formed. 
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pear like discs (fig. 46). Id t}ie centre of the depression tiiere is a 
canal, often ftmnel-shaj^, and the part of the tnbe coirespondiBg to it 
being thus thinner than t^snrronnding texture, gives the asp^ of a 
smaller cirde in the centre (fig. 47). When a thin section is made 
through two parallel fines of punctations, the slits or fissures are seen, 
which give rise to the appearances mentioned (fig. 48). That these mark¬ 
ings are cavities between the fibres was prov^ by Quekett 
in the cose of fossil pine wood, where he separate lenticu¬ 
lar masses of solid mattm- from the discs. There is some¬ 
times observed a thickening layer, in the fi>nn of a spiral 
fibra, surrounding^ the discs more less completely. The 
discs are usuaUy arranged in single rows, but they occur 
also in double and triple rows, more particularly in Arau¬ 
caria and Altingia. 

81. Fihra-Vaacabur timoc, or Trachenchytm (traxJim, 

windpipe; rough), is formed of membranous tubes 

tapering at each end, less firm than Pleurenchyma, and 
either having a fibre coiled up spirally in their interior, or 
having the membrane marked \rith rings, bars, or dots, 
arranged in a more or less spiral form. 

82. rmw <i»ina vMsda (spiroidea, tracheoR), constituting 
the typical fom, present ^cmsclves as elongated tubes 
clustered together, overlapping each other at their conical 
extremities, and having a spii^ fibre or fibres surrounding 
the interior of the cylinder (fig. 49). Their o^ter mem¬ 
brane is thiu, and consists of pure cellulo^ At the point 
where they overlap, it is sometimes absorbed so as to 
allow direct communication between the vessels. The 
fibre or mind filament is generidly single, forming simple 
trachea (fig. 60); but sometimes numerous fibres, var 3 ting from two t< 
more than twenty, are united togetlier, assuming the aspect of a hroat 
ribband (fig. 51), and constituting PkwtracheoB (^irhtiot, more). Thi 
fibre is elastic, and can.be4inr^e^ ^^is can be seen by taking tin 
leaf of a Pelargonium,'ana'mer making a superficial cut round tin 
stalk, pulling the parts gently asunder, when the fibres will appear lik< 
the threads of a cobweb. 

33. Spiral vessels were first noticed as early as 1661, by Heishaw 
They occur prindpally in the higher classes of plant8;-aBd are wdl seei 
in annual shoots, as in Asparagus; in the sten^ of P^iumas and Plan¬ 
tains, where the fibres may be puUed out in hsmdftils, and used as tin 
derji in msay aquatics, as Nelumbium and Nymphsea, and in liliaceou 
plmts. In l^d woody stems, they are piihdpimy fotmd in the sheatl 

f-'" ' '' ' ■' * 

Rg. 40.—lyo 8pli^ vesseU onitedL 

Jig. 00.—^mple trachea. 

Fig. 5L—Spiral vessel wife » riUband of united fibres (tPMptraeAso,) from fee Banana. 




noiotindiQg liie jlBi, aad are traced from it into tiie leaves. 

are farely found in the wood, Imrk, 
W ptL S]^m vessels occasionally exhi¬ 
bit a bianwed appearanca > This may 
arise from 4he imion of separate vessels in 
. an angular or jointed manner, as where, a 
1^ or branch is given off (fig. 52 a a), or 
it may depend on a regular £viidon of the 
fibres, as is seen in &e MMetoe, Long- 
leek, and Gourd (fig. 53). 

84. Ihe fibre is on theinside of the mem¬ 
brane. Quekett has shown this in silicified 
spiral vessels, where the mar'k of the spiral 
was on the outside of the mineral matter 
filling the tube. The fibre tisually turns 
iiom left to right, if we suppose the observer placed in the axis of 
the tube (fig. 54), or fi'om right to left) if we suppose him looking 
at the ve^el in its natural position. The fibre retains its direction 
throughout the length of the vessel.' When exanuned imder the micro¬ 
scope, there is often the appearance of the crossing of fibres (fig. 54), in 
consequence of the transparency of the membrane, and the 
observer seeing the fibre on each side of the ves^ at the 
same time. In twining plants, the direction of the fibre 
does not always correspond with that of the stem. The 
coils of the spiral fibre may be close together (fig. 50), or 
be separatod (fig. 55). Sometimes they become united 
"together, and to the membrane of the tobe, so that th^ 
cannot be unrolled. Such vessels are cadledh/osed trachea:, 
» or closed duels. 

85. VaiM wF arBriras Traekci*, the ducts of some authors, are ves- 
sds in which the internal fibre does not form a complete spiral coiL 
Ihe chief varieties are cmnular, reticulated, and scaUmform vessels, or 
dugts. In annular vessels Camulus, a ring), the fibres /orm complete 
lipga round tke tubes (fig. 56). They^r^mble the tracheae of animals 
toore than spiral vessels do. The. rings are by no means regular; 
tB^ may be hoiizontal or inclined, simple, or forked (fig. 57), placed 
near to each other or separated by considerable intervals, the inter¬ 
mediate spaces being sdmetimes oceq|ned by a fibre of an elongated 
spiral form, which is continuous with the rmgs or distinct from thmn 
(fig. 58). AD these'forms are easily recognized in the common Bal- 
aam. Occationally, the ting becomes very much thickened in a^direc- 
tion perpendicular to the walls of the vessel, so as to leave only a 

na SS.—Spiral aSited to ta ta lure a Imuichad appaarance. 

rig, sa—Biaaching iayn,tnm iptniveaaelaofOonrS (CucarUla P^), 
ng M.—Spiral roaaela Coda aeeiroa l»tb aidea ' 

ia— Oidla of Sbra, naudi aepaiated la ttaches i^Odliid. 
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small space in the centre, as in. some of (he Cactos tribe;’yTSlieP,; 
separate fibres cross each other, farming a kind of net-isprk'iOn li|(e mils 
of the tubes (fig. 59), the vessels become rg^ula^ (retu^m, a Bet)| 
and the name dotted is sometimes appliedVhen &e fibre i»>|o brd^ 
up as to leave small isolated portions adhering to the toeifibrapijr 
(tig. 60). In scalariform vesSfels (acala,'a ladder), there ar^ riioft 
horizontal lines or l>ars, composed of fibre, arranged along the 'ridek 
of the tabes, at nearly equal distances, like the steps of a la^^, and 
presenfing a striated appearance. In some cases, as in the Vine (fig. 
61), th^ are compcMed of tubes united to each other by thin, brot^ 
oblique extremities; at other .times they ti^^ like spiral vessels. 
They generally assume a prismatic fimn, the angles being uninarked 
by lines, as is seen in Ferns (fig. 62). 



36. Pvramt 'reaaeia.-Another kind of vessel common, in plants is the 
porous vessel, so called from the appearance of pores on its surfecc. 
"l^e tissue formed by porous vessels has received ■^e name of Vasiforvi, 
ttwue, Pitted, tissue, Boikrmchyma, or Taphrmchynm (jiHfnt or ri^pot, 
a pit). The vessels are of large size, and are easily observed in the 
Vine (^. 63), Sugar Cane, Bamboo, Gourd (fig. 98 ter), and other 

56,57, 58L-~Annalar vcMcte Bt€i» of the Gommoa Baleam. 

Rg. 58.—Spiral veBBel. ai]^ fibre filvidlo^ .. 

Hg. 00.—veMel ciliowisg xln^ fibre dots. 

Rjfr 61.—ScelarUbltn veaeel mnn the Vise. ■ 

Fijg. 62.—Pilamatlc scalariform yeseel ttom Boyal.Fera {Otmtmda regaNt). 
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plants, in wM^ the sap circulates rapidly. They consist of cylinders 
more or less etongated, in' Ridch liie thickening matter is so deposited 
as to leaire j)art, of the membrane uncovered, thus giving rise to the 
porous or pitted appearance. The uncovered portions of membrane are 
sometimes absorbed in old vessels, and a direct com¬ 
munication is established between tliem. Tlie pores 
have sometimes a bordered aspect, which, according 
to Schleiden, depends on air contained in the cavities 
between oontiguousvessels. Porousvessels arcusually 



united to 
s^um. 


a broad and often oblique 



87. This kind of vessel ocea- 
tionally presents a beaded appear¬ 
ance, as if formed by porous cells, 
with distinct constrictions at their 
point of union (figs. 64, 65). This 
articulated Bothmnchyraa is by 
some considered as a form of cel¬ 
lular tissue (If 10, fig. 22). To 
vessels exliibiting contractions of 
this kind, whetlier spiral or porous, 
the terms monUifortn {monile, a 
necklace), or vermfomi {vermis, a 
worm), have been applied; and the tissue composed of spiral, annular, 
or porous monilifbrm vessels, has been denominated phleboulcd {^x^^^, 
<pxtfiic, a vein). 

38. lAUciferaas veweb form the tissue called Cinenchyrm (jcfufu, I 
move, from certain movements of their contents, to be afterwards 
notic^). ' They are the Milk-vessels, and the Proper vessels of old 
authors; and of late years they have been particularly examined and 
described by Schultz. They consist of long, branched, homogeneous 
tnbe% which tmite or anastomose fireely (fig. 66), thus r^embling the 
vess^ of a n i mal s. At first, the tubes are very slender and uniformly 
cylindrical (fig. 67 a), but afterwards they enlarge and present irregular 
distensions at different parts 6f their course (figs. 67 h, 68), so as to give 
rise to an articulated appearance. Their wadis vary in thickness, and 
are not mairked ly any depressions or fibres. These vessels are met with 
in the inner bark, and they contain a granular fluid called latex, which 
is at first transparent, but often becomes of a white, yellow, or reddish 
colour. Endlicher and Unger state that thejr are formed by cells 
united in a linear series, their septa being obliterated; while Meyeu 


ng. «3.—PorotM TtsBsel {BoOmnehyma) Uroin the Vine, showing its connection with woody 
flhreo, and the broad septa or partitions t* the vessel itself 
Fig. 64.—Porous Teasel from Traveller’s Joy 
Fig. 66.—UoniUfoim ponms vessels flrom Uic Common Balsam. 
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and Schleiden maintain, tliat at a very early period l3ie curraits of 
may be seen in the intercdlolar canal^ and that ultimately a 


b 


separate membrane is developed to form the vessels. The tissue can 
l>e easily examined in the &dia-rabber tree, in Dtmdelion, Lettuce, 
and Cel^dine, and in various species of Ficus and Euphorbia. 

2.—Dbvklopmkst and FuncnoNS op Vessels. 

39. The simple cell is the state in whidi vegetable tissue first 
makes its appearance. It is the primary form of all the textures sub¬ 
sequently produced in vascular plants. To the elongation of cells, and 
the deposition of thickening layers and fibres in their interior, the 
various vessels owe their origin. Thus when cdls are developed as 
continuous branching tubes, which anastomose freely, Cinenchyma k 
formed; when they are elongated, as spindle-shaped tubes, and thar 
walls are thickened and hardened by depositions of ligneous matter, 
they give rise to Pleurenchyma; and when elongated membranous tubes 
are strengthened Inr spiral fibres, the different kinds of Fibro-vascular 
tissue are produced. The spiral vessel may be considered as the type 
of the last-mentioned tissue, tod all its varieties may be traced to 
changes taking place in the development of the fibre. Jhe coil may 
be broken in consequence of the fibre adhering to the membrane, and 
Ae latter inCTeasing rapidly in growth; or the fibre may be depodted 
irregularljr, in consequence of interruptions in growth. This view of 
the formation of vessels is confirmed by finding in the same tube a com- 

sa—lAtidtbnnis venels (OfmmAmia) tana Eaidicirbia dnlds. 

Figs. 67,6a— Vessels of IiStex from Oelanolne (CAemMAtm twVtu). 
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pietespiial fibre in c^^paxb annnlB.r fi^tfs, either complete or with their 
ends ovodapping, ect4moth.er, (md bars or dote at a third poiiaoa. In the 
flftee of some vessdl, thdr fotmalioii con be di^ctly traced to cells 
i^iieed end to end, partidons between which have been absorbed. 
X^ monilifoxm or beaded appearance often preamted by the difiefent 
Itbws of vessels, more e^dally the Porous, plainly indicates tills mode 
of fiirmaticHi. 

40. .daincells, so in vessels, the walls axe composed of cellulose, and 
are usmdly no visible p^orations; the communication between 

them taking place by imbibition or endosmose. In some instances, 
when vess^ are dicsely applied to each other, especially when they 
oVeriap, the membrane becomes absorbed, and direct communication 
takes placa This has been seen in spiral and porous vessels. The pits 
or depressions on the walls of vessels; and the thinning of the tissue 
m particular points, appear to serve the purpose of allowing the rapid 
transmission of fluids; and, accordiag to some, they permit the passage 
of small cells fixim the mteiior, whidi become developed as tubes, and 
form branching vessels. 

41. Pleuxenchyma, in its eafly state, contains fluids, and conveys 
them from one part of the plant to another. In the progress of growth, 
the secondary deposits obliterate the vessels, as in the perfect or 
heart wood of oimnary trees. Tliese deposits are often of a very 
hard nature, and assume particular colours in difierent kinds of trees. 
From the firmness of this tissue, it is well fitted to give solidity to 
the stems and to strengthen the leaves of plants. In Spiral veskds, 
tire fibre adds to their eiastidty, and keeps the tubes always pervious. 
The fibre, when once formed, does not increase much in tUclmess, and 
the secondary deposits do not obliterate the canal Yarions opinions 
have prevailed.regarding the contents of these vessels. The name 
Tracheae, ^ven by Grew and others, was partly from their structure, 
turd partly from the idea that they contained air. The accurate experi¬ 
ments of Bischofi' lead to the condution that the perfect ^Iral vessels 
conv^ air, which often contains a large amotmt of oxygen in its com- 
posdtion. Hales showed that air was evolved from the veasels of the 


ine when cut, and DecandoUe thought that part of the air in these 
vessels was derived from the pores of the leavea Other authors look 
upon these vessels as conveymg fluids,'while a third set maintains that 
both air and fluids are present, the being derived in part from 
decompositions going on in the interior of the plant. The other kinds 
of vasmdar timie, and especially the porous vessels, are the means 
by which the fluids taken up by the roots of plants are conveyed to 
the leaves, and to all parte of the plants. Laticiferous vessels contmn, 
according to Schultz, the elaborated sap or latex on its return firom 
the leaves to the bark. This latex is either transparent or opaque, 
colourless or coloured. These vessels, when examined with the micro- 
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scope in the living plant, esMbit movemraits in their fluid contents of 
a peculiar kind, wMch be considered imder Gychsis. 

42. The cell has been already shown to be the type of all the tissues 
of plants, and to be the bam of all vegetable structure. It is of equal 
importance as regards function. In the lowest plants, as the Protococ¬ 
cus nivalis, or the Alga found in red snow, and the various ^cies of 
Pahnella, Nostoc, and Hsemaftococcus, cells constitute the wh(de sub¬ 
stance, and perform all the functions of life; they at»oib and assinu- 
late, thus performing the functions of nutrition and secretion, and' they 
form new o«dls, thus reproducing individuals like themselves. When 
a more complex structure exists, as in the higher tribes of plants, 
certain cells are appropriated for absorption, others are concerned in 
assimilation, and otlicrs in forming and receiving secretions. When a 
certain degree of solidity appears to be required to support the stem, 
Icave-s and flowers, Ugneous matter is deposited, and woody fibre 
formed. When the transmission of fluids and mr is carried on rapidly, 
tlie clastic fibres of the fibro-vascular tissue semn to keep the elongated 
cells and vessels pervious, and when the elaborated sap is conveyed 
continuously without interruption, anastomoang tubes occur in the 
form of laticiferous vessels. 

TABin;.ijt Axbahoicmbkt of yBOXTABUE TrsauBs. 

A. —CeUnlor Tissue (Parenchyma), composed of membrane, or of membrane and 

fibre, having the tbrm of vesicles whose length does not greatly ex¬ 
ceed their breadth. 

1. hfembranous Cellular Tissue; cells formed by membrane alone, of various 

thickness, but without markings on it. 

2. Porous Cellular Tissue; cells formed by membrane, which has been nne- 

qnally thickened in such a way as to leave rounded depressions at 
i^nlar intervals. 

3. Fibrous Cellular Tissue (inenebyma); cells formed by membrane and fibre;. 

occasionally formed by fibre ^one. 

a. Spiral Cells, with a complete spiral'fibre inside. 

h. Dotted Cells, with opaque spots which are isolated portions of fibre, 

B. —^Vascular or Tubular Tissue (Angiencbyma), composed of cylindrical tabes, 

which are more or less ctmtinuons, and nsnally overhqi each Mber, 
or arq united by broad oblique extremities. 

X Membranous Vascular Tissue; tulras formed by membrane alone, of vari¬ 
ous thickness, but without m^'kings an it. 

1. Ligneous Tissue (Plentendyma), composed of fosiform tubes with 

thickened walls. 

2. Laticiferons Tissue (Oinenchyma), composedpf tubes wbieh anastomose, 

often present irregular dilatations, and convey a peenUar fluid, called 
Latex. 

n. Porous Vascular Tissue; tubes formed by membrane, which becomes 
thickraed by spiral deposits, in such a 'way as to leave rounded de¬ 
pressions at refpilur intervals. 

1. Vasiform Tissue, or Poroas vessels (Botfarenchyma or Taphrenchyma); 
large tubes, usually.endingm broad extremities, with pits or circular 
markings on their walls. This tissue sometimes exhibits contractions 
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«t regnlar iaterrali, ai if formed of porous cells laid end to end, and 
then is called Moniliform, or Beaded (Articulated Bothrenchjrma). 
S. Fonetated Tissne (Glandnlar Woody Tissne); fusiform woody tubes, 
with depressions and markings on their walls, presenting the appear¬ 
ance either of a single or doable circular disc. 

IIL Fibro-Vascnlor Tissne, composed of tubes in which the thickening mat¬ 
ter is deposited in the form of spiral fibres, rings, bars, or dots. ^ 
a. Perfect Fibro-Vascular Tissue, composed of tubes, in which there is a 
complete spiral fibre. 

1. Spiral Vessels (Trachea!, Trachenchyma), in which the spiral fibre is 

elastic, and may be nnrolled. 

2. Closed Spiral vessels, or closed Trachea), in which the spiral fibre is 

brittle, or its coils so united to each other, and to the membrane, 
that they cannot be nnrolled. 

fi. Imperfect Fibro-Vasculor Tissue, composed of tubes marked by rings, 
lines, or dots, but without a complete fibre inside. 

1. Annular Vessels or Ducts, ha^-ing fibres in the form of detached rings, 

which are occasionally united by portions of fibre. 

2. Beticnlated Vessels, having fibres which cross each other, or arc dis¬ 

posed so irregularly as to form a net-work. 

3. Scalariform Vessels, having their walls marked by isolated portions 

of fibre, in the form of ladder-like bars. 

4. Dotted Vessels, having their walls marked by isolated portions of 

fibre in the form of opaque dots or points. 

Any of the vessels included under the Fibro-vascular tissue, may exhibit con¬ 
tractions at regular intervals, so as to become moniliform. 


CHAPTER H. 

COMPOUND ORGANS FORMED BY THE TISSUES. 

43. Some plants consist of cells only, which continue throughout 

life to produce new cells, and to perform all the vital functions. Tlio 
great mass of flowering plants, however, although originally cellular, 
produces organs composed of cells and vessels variously arranged, and 
covered by an epidermis. These Compound Organs may be divided 
into Nutritive, or those concerned in the nourishment of the plant; and 
Reproductive, or those which are employed in the prodtiction of new 
in^viduals. The former consist of the stem, root, and letives; the 
latter, of the flower and fruit. <• 

SECnOB L-OEGANS OP NUTEITION OE VEGETATION. 

1.—Structure, Arrasgembni', asd Special Fukctions. 

44. Under this head will be considered the tissues of which the 
various nutritive organs are composed, the mode in which the parts 
are arranged, and tlie particular function which each of the organs 
performs. 
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45. Ccnerai fmesaaMM is tlie name given to external cellular 
covering of plants. It can be 
easily detached from young 
leaves and stems, usually in 
the form of a colourless trans¬ 
parent membrane. By pro¬ 
longed maceration it has been 
shown to consist frequently of 
two layers; a superficial, cdled 
Cuticle or FeUicle (fig. 09 p p), 
and a deep layer, usually <^ed 
the Epidermis (fig. 09 e e). 

40. The tlaperaclal Pellicle 
(pellis, skin) is a very tlun con¬ 
tinuous membrane, which is 
spread over all parts except the 
openings of the stomata; in some 
cases entering these openings, 
and lining the cavities beneath 

tliem. It is fomred from the epidermal cells below it; IVeviranus, 
Schleiden, and Payon, considering it as a secretion on the outside 
of the cells, wlule Alohl and Hcnfrey look upon it as composed of the 
altered primary walls of the cells. In fig. 70, it * a 
is represented as detached' from the leaf of the 'VJ 

cabbago,formingasheathoverthehairs,AAA/<, and • 
leaving slits,« s, corrt'sponding to the openings of (- ' 

the stomata. 'ITiis pellicle appears to be simU^ to /'*\ ) 

the intercellular substmicc surroimding cells, and \ V.% / 

to the tfr/f/nh'«(/«•«*’which is conspicuous in some 0 dj- * 

sea-weeds (tig. 29 b). It is possible that this / ^ * 

matt<T, in place of biiing produced on the outside f )' ^ 'r ( 
of cells, may be formed within them, smd ulti- j « C ^ } 
raately deposited extciuaUy by passing through I Jj ( 

their parieu«. On the inner surface of the pel- 1 e ^ ^ j 
fide the impressions of the epidermal cells are. '—^ 
sometimes observed (fig. 69 jff. The pellicle is » 

the only layer of integument which is present in 
aqtuitic plants, and in some of the lower tribes. 

47. The Epidmaiis (iwl, upon, and Siffue, skin)^ (fig. 69 e e,) is 


69.—Oeneral intcj^intcnt of a leaf of f rts gcnnantca. pp^ Hie Cnticidar pelUclo with slita, 
X, upon t)io proper epMennie, e e, formed of hexa^nal ceil^ and fiinilidied with stomata, aa 
Fl|r. 70.—l^iele or C^uuRe detachkl hjr maceratloxi, coverlji^ tha haln, AAAA, and having 
opemogn, eoiToepuDdijig to ton atomahv 
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extended over all &e parts of plants exposed to die air, except the 
sdgma. ’ On the extremities of nearly-formed roots, the integument 
consists of loose cells, tvhieh are considered either as being the ordinary 
ocular tissue of the plant, or as being an imperfectly-formed epider¬ 
mis, which has received the name of EpSbhnui (M, upon, and fixi/ect, 
wound, as being the tissue which first covers wouneh). This latter 
kind of tissue occupies the place of the epidermis, in the parts of plants 
which are always under water. On the aerial roots of Orchidaceous 
plants, there is an epidermal layor consisting of spiral cells (fig. 23), 
containing air. 

48, The epidermis is usually formed by a layer or layers of com- 
. ^ /%==— cells, which assume a more 

1 ^ flattened tabular shape, 

r 1 ^ N to ^ and have their walls l>oimded by 

/“WLO / straight or by lle.xuous line.s. Fig. 

® represents an epidermis 
CZ / formed of regular hexagonal cells; 

! 6 VX/ I %• 72, one composed of irregular 

/ rl i J Cj hexagons; while in fig. 71, the 

V vJ ^ boundaries of tbe cells, e, are flexu- 

Y C ous and wavy. Tlie of the epi- 

) dermis are so intimately tmih-d 

I . together, a,s to leave no intercel- 

fXj i' '“O lular spaces (fig. 74 e e). 

I i 49. The epidennis is sometimes 

' ' thin and soil, at other times dense 

' tJ and hard. In the former case it 

may be ea.sUy detached from the 
subjacent cells.; in the latter, the cells become thickened by deposits, 
and sometimes the layers are so produced as to leave uncovered spots, 





f 
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Fig. 71.—Epidennis, from lower saifltcc of the leaf of Madder (SuMa finctormi)- e, Cell of the 
Xpictermls. a, Stoma. 

ng. 72.—Epidemud layer, from upper surface of a leaf of Itammevlut aquatUU when growing 
out of water, ee, Epiderroau cella as as, Stomata. 

Fig. 78.—Vertlcifl section of lower epidermis of the leaf of Bonhea faleata. e «, Donhlo epider¬ 
mal layer, with very large external cells, small Internal ones pierced by a stoma, a, which oani- 
munlcatcs with a l^una, 1. p. Parenchyma of the leaf. 
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which communicate with Ae interior of the cell by canals passing 
through the thickening layers, as <in Cycas. In Bochea falcata (fig. 
73), 4e epidermis, e e, consists of two layers of cells—^the outer ones 
large, the inner small The cells of epidermis are usually filled with 
colourless fluid, but tliey sometimes contain resinous and oAer sub¬ 
stances. Waxy matter is occasionally found in the epidermis, silica is 
met with in the integument of grasses and Equisetoms, and carbonate 
of lime in that of Cliara. The colour of the epidermis graieraUy 
depends on that of the subjacent parenchymatous cells. The epider- 
md cells are ususdly larger than those of the tissue below them; but 
sometimes, for instance in Ficus elastica, they are smaller. 

50. Stamata (erofiei, a mouth) arc openings existing between some 
of the cells of the epidermis on parts exposed to the air. They consist 
tisually of ttvo semflunar cells siuroundmg an oral slit or orifice (figs.. 
69 s s, 71 s), which have been considered as resembling the lips and Ae 
orifice of the mouth. Stomata open or close accoriUng to the state 
of moisture or dryness in the atmosphere. By examining, tmder the 
microscope, thin strips of epidermis in a moist and dry state, it will 
be seen that in the former case the lips are distended, they assume a 
crescentic or arched form, and leave a marked opening between them; 
while in the hitter, they approach each other, and close the orifice. 

51. The cells surrounding the openings of stomata are sometimes more 
numerous, as in Marchantia. In Ccratopteris thalictroides, Allman 
observed stomata formed by tliree cells; two of which, in their open 
condition, are crescentic and concave inside, while the third surrounds 
them, except at a small space at the end of the long axis of the stoma, 
and has on this account been called j?emtof«aftc(xf«, around). In 
£qui.sctiun, the stomata, wliich arc about of an in<m in their great¬ 
est diameter, consist of four pieces; two of which arc arched and thick 
at their outer convex margin, becoming thin at their inner concave 
edge, where two other bo^es occur, having numerous processes li^e 
the teetli of a comb, hence called pectinate (pecten, a comb). Occa¬ 
sionally the stomatic cells become united, so as to appear in the form 
of an iminterrupted rim; and at other times the stoma is a minute 
orifice in the walls of a cavity. 

52. Stomata communicate with intercellular spaces (figs. 73 s, 74 s), 
the connection being sometime^ kept up by means of a funnel-shaped 
prolongiilion of the cuticle, called, by Gasparrini, a cistomu {Ktant, a 
opt or bag, and arifta, a mouth). Tliey are scattered over the surface 
of the epidermis in a variable manner. Sometimes they are placed at 
regular intervals corresponding to the imion of the epidermal cells 
(fig. 69 s); at other times they are scattered without any apparent 
order (figs. 71, 72); and in other iostances they are united in sets of two 
or three, cu in clusters at particular points, as may be seen in Begonia, 
Saxifiaga (fig. 75 s s), and Proteaoe®. 
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53. Stomata occur on the green parts of plants, especially on the 
leaves and toeir appendages. They are not usually found in cel¬ 
lular plants, nor in plants always submerged, nor in pole parasites. 


t « 



This is not, however, a universal rule, for stomata have been de¬ 
tected in Marchantia and some other Celluhvres; also in the sub¬ 
merged leaves of Eriocaulon setaceum, according to Griffith, and in the 
pale parasite Orobanche Eryngii, according to Dnehartre. They do 
not exist in roots, nor in plants kept long in darkness so as to be 
blanched or etiolated, and they are rare or imperfectly developed in 
succulent plants. 

54. Stomata vary in their form. 
The oval form is very common, 
and may be easily seen in LUi- 
aceous plants; the spherical oc¬ 
curs in Oncidumi altissummi and 
the Primrose, the quadrangular in 
Yucca and Agave. In the Ole- 
^ ander, in place of stomata there 
are cavities in the epidermis pro¬ 
tected by hairs (fig. 70 s). 

55. The development of stomata has been traced by Mirbel and 
MohL In the Hyaranthus orientalis, they appear first between the 
epidermal cells in the form of quadrangidar spaces containing gra¬ 
nular matter, which gradually collects towards the centre, where a 
septum or partition is formed.. This sbptum ultimately splits, leaving 
a slit or opening which constitutes the stoma. Mohl has traced this 



74.—Vertical flection of epidermis, from the lower surface of the leaf of Madder, idtcminfr 
the Intimate union of the epidermal oellfl, ee, the loose subjacent parenchyma, />, with lntcrcc]> 
lular canals, to, and lacuna, I s, Stoma. 

Fig. 7S.—Epidermis of leaf of l^ifraga flannentosa, showing clusters of stomata,« ^ suntmnded 
by large cpidennal cells, ee. The cells among which tlie stomata occur are v&ry small 
Fig; 76.—Vertical section of lower epidermis of the leaf of Nerium OlmnfUr. e, Exddermis 
eomposed of several layers of cells, p. Parenchyma of the leal Cavity itlled with haim, which 
may represent a stoma. 
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process throughout the same leaf in different stages of growth. In 
Marcliantia, Miihel found several tiers of cells forming the stoma, and 
he supposed that the opening was produced hy the absorption of a 
central cell, leaving the others to form the rim or border. 

56. The number of stomata varies in diderent parts of plants. They 
are most abundjint on the under surface of leaves exposed to the air, 
and are often entirely wanting on the upper sur&ce, more especially 
when it has a denser shining cuticle. In floating leaves the stomat^ 
when present, are on the upper surface only. When plants usiuilly 
under water are made tq grow for some time in the air, then- 
leaves exhibit stomata. When leaves grow vertically, the stomata are 
often equal in number on both sides. The number of stomata varies 
fiK)m a lew hundreds to many thousands on a surfticc of one inch square. 
The following table exhibits the number of stomata in the leaves of a 
few plants;- 


STOMATA IN OHB INCH SQUAHE. 


Alisletoe. 

Tradcscantis. 

Bheum palmatum, 
Crinuro amabile,... 

Aloe,. 

Clove-pink,.... 

Yucca,.. 

Mezcrcon,. 

Paiony,. 

Vine,. 

Holly,..:. 

Cherry-laurel,.. 

Lilac,. 


Upper side. 
200 . 
2,000 . 
1,000 . 
20,000 . 
25,000 . 
38,500 , 
40,000 . 
None. . 
None. 
None. . 
None. . 
None. . 
Few. 


XToder side. 
200 
2,000 
40,000 
20,000 
20.000 
38,500 
40,000 
4,000 
13,000 

13.600 

63.600 
90,000 

160,000 


57. Appendage* of the Epidenaia, or Appeadieular Orgaa*.— 

Tlie epidemiis frequently exhibits projections or papilhe on its siirface, 
in consequence of some cells being enlarged in an' outward direction 
(fig. 73 e e). When these assume an elongated or conical form they 
constitute /lairs {piK or «7/t), as seen in (fig. 77 h h h). 

■lain, then, are composed of one or more transparent delicate cells 
proceeding li-om the epidsamis, and covered with the cuticle (fig. 
70). Tliey are erect (fig. 7§ a), or oblique, or they lie parallel to 
the surface, and are adpressed. Sometimes they are formed of a 
single cell, wliich is simple and undivided, (fig. -78 a), or forked (fig. 
78 5), or toanched (fig. 78 c); at other times they are composed 
of m^y cells erthef placed end to end, as in monxliform or neck¬ 
lace-like hairs (fig. 79), or united together laterally, and gradually 
forming a cone, as in compound hairs (fig. 80), or branched (fig. 81). 
When several hairs proceed from a common centre, they become sti^te 
{Stella, a star), or radiated (fig. 82). The latter arrangement occurs m 
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the haurs "of the' Mallow tribe, and is well seen in those of Deutzia 
scabra. When stellate hairs are placed closely together, so as to fomi a 



so SI M 

sort of membranous expansion (fig. 83), a scale or scurf is produced. 
To such expansions of the epidermis the name kpk (xerif, a scale), 
is applied, and the surface is said to Ije lepidote. These scales have 
sometimes a beautiful silvery appearance, as in Elteaguus. Stu"- 
rounding the base of the leaves of Ferns, a brown cha^ substance 

Fig. 77.-~YoiiTig root of Madder, showing cellidar processes, hhfty equivalent to hairs, Tho 
epidermal colls wnteh are not elongated. 

Fig. 78.—^Ualrs formed by single qelU of tho epidermis, & a, Simple hair. 6, Bifurcated hair 
•of Sisymbrium Sophia, e, Ihraachcd hair of Arabis alplno. 

ngs.7b~-82.'—Gcnnpoimd hairs fnmned by the union of several cells, e. Epidermis, 79. Mo^W- 
foxm hair, from Lychnis uhalcedonica. 80. l^itloned, uubrauched hair, stem of Bryom 
alba. 81. Ihurtitione^ branched hair, from flower of Nkandraanomala. H2. Stellate, a stor^lUcc 
hall*, frnm 1p<rf nf Alfhflaii Tntu^it 



BPIDEBUja ... . Jf 


occurs, consisting of elongated cells, to which the name of rwnenla- 
cema hairs, or, rammta (ramentum, a 
shaving), has been given. In Palms 
also a siuiihu- substance occurs, called 
reticulum {retieultm, a net), or tfutfiuUa, 

{inatUi, a mat). PiicMes or amici, as in 
tlieliose,(fig. 191 o),arehardenedluurs 
connect ed with the epidermis, ai id dificr 
from .spines or jtliora^^'ijf^ich Imve a 
doeiier origin, arc bristles or 

stiff hairs, and the surfaces on which 
they occur are s^d to be setose or seta- 
l•emm. Some hairs, as those of Drosora, 
or .sundew, have one or more spiral fibres in their interior. 

58. Various names have been given to the different forms of hairs: 
they arc chmite or club-shai>ed{vlava, a club), gradually expanding from 
the base to their apex; capitate, haxing a distinct rotmded head; rmi;/fi 


eg scabrous, n-ith slight projections on their surface; hooked or uncinate 
(uncus, a hook), with a hook at their apex pointing downwards and to 
ont; side; Ixtrbed or ijlochuliate (y'Kuxisi a barb), with two or more 
hooks around the apex; shield-like or peltate {pclta, a buckler), when 
attached by their middle, and projecting hoiizonttiDy on either side (fig. 
81), as in many cruciferotw plants;' 
ciliated {cilium, an eye-lash), when 
surrounding the margin of leaves. 

On tlie pod of the Cowitch (Miicuna 
priiriens), hsiii's arc jiroduced with 
projections on their surface, which cause great irritation when applied 
to the skin. In Venus’ Fly-trap (Dioncea rnuscipula), .stiff hairs exist on 
the blades of Uio leaf (fig. 180 e), which, when touched, cause theirdosure. 

59. Hairs occur on various parts of plants; as the stem, leaves, 
flowers, stH'd-vesseJs and seeds, and even in tlie interior of vessels. 
Cotton is the hair surrounding the seeds of Gossyphun herbaceum. /' 
Hail’S are developed occasionally to a gretit extent on plants exposed to 
elevatwl temperatures, as well as on those growing on lofty moimtains. 
When occurring on the organs of reproduction, they seem to be con¬ 
nected with fertUizatiou, as tlie hairs on the style of Goldfussia or 
lluellia, and the retractile hairs bf Campimula. Difierent psirts of plants 
are transformed into hairs; as may be seen in the flowering stt^ of 
Rhus Cotinus, and in the ctdyx of Compositse. 

60. Niunes arc given to the surfsices of plants according to the 
presence or absence of hairs, as well as the nature: of the hairs which 



M g. or «»ly hair, frora leaf of HippophuU rhamnoidecu 

i»unfci^8wtth”tlw h *■ ^ PP* arfsingf frtmi epidermis, t. Tlic gland which com- 


cover liem. The following are the more important terms:— Glabrous, 
oiiooth, having no hairs; hairy (jnlostts% furnished with hairs; 
^tbsscent, covered with soft, short, downy hairs; villous, having long, 
weak, often oblique hairs; sericeous, covered with long, closely ap- 
paressed hairs, having a silhy lustre; hispid {hispidus, hirtiis), covered 
with long stiff hairs not appressed; hirsute, having long tolerably dis¬ 
tinct ha^ not stiff nor appressed; (veLvety velutinus), with a dense 
ooveiiig of short down. Idee velvet; tomentose, covered with crisp, 
rather rigid, entangled hairs like cotton, which form a sort of felt 
(tomentum); v^lly, with long curled and matted luurs like wool; 
begsdedMMipose, (vtutv, tow), when hairs occur in small tufts. 

61. The hairs which are most frequently met with in plants are called 
lymphatic, from their not being connected with anj' peculiar secretion. 
Those, on the other hand, which have secreting cells at their base or apex, 
are denominated glandular, and are not to be distinguished from glands, 
under which thermore they will be considered. L)niiphatic hairs occur 
on parts exposed to the air, and are wanting in blanched plants. On 
young roots, cellular projections of the cuticle are seen (lig. 77), which 
may be called radical hairs. Young leaves and buds me frequently 
thickly covered with protecting hairs. In this instance the hairs arise 
chiefly from the veins; and as the leaves increase in size, and the veins 
are sepai-ated, the- hairs become scattered, and apparently less abun¬ 
dant. On the parts of the flower, coloured hairs occiu which have 
l>een called corolliiie. 

62. «iaad» are collections of cells forming secretions. The tenn 
has been vagiiely applied to all excrescences occurring on the surfaces 
of plants, llieyare either stalked (pOiolate, sdpitate) or mi sUdlced 

a b c d (sessile). The former 




nmy be called glandular 
hairs, having the secret¬ 
ing cells at the apex. 
Stalked gl.auds, or glan¬ 
dular hairs, are either 
composed ofasingle cell, 
with a dUatatiou at the 
apex (fig. 85 a), or of 
several cells rniitcd to¬ 
gether, the upper one 
being the secreting or¬ 
gan (fig. 85 &). In place 
of a single terminating 


Fi(r. Si.—UlanSnlar hairs, e. Epidermis, a. Hair formed by a single cell flniu Sisyinbrinm 
ehilense. b, Hairs formed of several cells terminated Iw a secreting cdl, from dower-stidk of 
Antirrhinum majus. c, cojnposcd of several cefis, tonninnted by two secreting cells 
united laterally, from flower-stalk of Lyslmachia vulgaris, d, Compound hair, termlnatod 
by several secreting cells united end to end, tram Oeum arbanom. 
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secreting cell, there are occasionally two (fig. 85 c) or more (fig. d). 

Hairs .sometimes serve as ducts through which the secretion of ghmds is 
discharged; these are glandular hairs, with the secreting cells at the base. 
Such hairs arc seen in the nettle, (fig. 86), in Loasa or 
Chili nettle, and in Malpighia (fig. 84), and are commonly 
called siiiij/s. In the nettle they are formed of a single 
conicuTceU, dilated at its base (fig. 86 b), and closed at first 
at the apex, by a small globular Initton placed obliquely 
(fig. 80 s). This button breaks off on the slighte.st touch, 
when the sharp e-xtremity of the hair enters Sie skin, and 
pours into the wound the irritating fluid which has been 
pressed out from the elastic epidermal cells at the base. 

When a nettle is grasped with violence, the sting is frac¬ 
tured, and hence no injiuy is done to the skm. The. 
globular apex of glandular hairs sometimes forms a viscid 
secretion, as in the Cliinese primrose and sundew. The 
hairs of the latter plant, by this secretion, detain insects 
which happen to light on them. 

63. When glands are sessile, they consist of epider- j 
mal cells cither sturounding a cavity, or enclosing small 
secreting cells. In fig. 87, is represented a gland taken 
fiom the flower-stalk of Dictamnus albus, cut verticaDy to 
show the cavity surrounded by colls, and filled with a 
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greeni.sh oil; while in fig. 88, there is a gland with a short thick 
stalk, full of cells, taken from Eosa centifolia. 

These figures show the transition from sessile 
to stalked glands. Some of the superficial cells 
of the epidennis are sometimes slightly elevated 
above the rest, and contain peculiar fluids. In 
the Ice-plant, the appearance of small pieces of 
ice on the surface is produced by cells contain¬ 
ing a deal- fluid, wMi^ is said to have an alka¬ 
line reaction, while that of the tissue around 
die vesicles is acid; in the Chick-pea, similar 
.^iiperficisil cells contain a subacid fluid. Glandular deiwessions or pits 
•'ccur, surrounded by secreting cells. At the base of the petals of 
the Crown-imperial, for instance, cavities are seen containing a honey¬ 
like fluid, secreted by what sire called nectariferous glands. Cavities 
containing saccliarine matter, sun'ounded by small thin-waded cells, 
are met with in the leaves of Acacia longifolia, also in Viburnum 



Conical hair of llrtloo rtloica. or common nettle, rndlnt; In a Imtton or awclling », 
wltli tt (liiatittion or btUb nt its Iwise which ia suiTOUUiied by cpidemial ccdls u e. In the Iiair 
are currentH of i^rontUar matter// 

flowcr-stuJk of Oictaronns albns, cut verticaWj', showing tientral cavity f, 
nuea with grecnisii oil, and surrounded by a layer of c^s & which contain a red juice and are 

connected with the epidennis €. j ^ ^ 

rig. 88.—Gland tixan Ucea centifolia e, The epidermis. 



iHMacang.. l^e oavilifig oomn:uiucatc witli the 

wa&dl||^,ecpaai 0 uallj sunk in the e^oideiirds, so as merely to have 
^^Idi^peX'jpMectang; at other times th^ lie hel^ the epidermal cells, 
^TT T ™ Myrtle, Orange, St. Johh’s-wort, an<kBac. 
'* ***” latter case thw are sometimes cdled vesimUw,' 

and are formed by o^s surrounding cavities contain- 
ing oil (fig. 89). When occur in the leaves, 

,. th^ give rise, when viewed by transmitted light^ ,to 
... 1/ , . tK^ppearance of transparent points or dots. J<«r- 
f ' • * nuM, or warts, are collections of thickened cells' on 

^ the sur&fie of plants, assuming a rounded form, and 

containing starch or other matters. Lmticels, or Lenticular glands, are 
cellular projections on the surface of the bark, arising from its inner 
part ' 


64. The apBCtai VaMtiam.. JBjMermis and its api)en- 

dages, are to protect the parts liieneath from various atino.spheiic 
and meteorological influences. In plants gjnwing in dry chmates, 
the i^idennis is often very thidc, and coated with a waxy secre¬ 
tion, to prevent too great transpiration or exudation id* iluida Li 
those. wlu«ih inhabit humid places, the epidermis Is thin and absorbent; 
while in submerged aquatics, there is no projper cpidennal cover¬ 
ing. The stomata regulate the transpiration; opening and closing 
according to the state of humidity and drj-ness of the atmosphere 
snrrounifing them. WTien a plant is growmg vigorously, the coihitaiit 
pas^ge of fluids keeps the regulating cells around the stomata m a 
distended state, and thus opens the orifice; wherefts, when the circulation 
islanguid and the fluids are exhausted, the cells colliij)se and close 
the opening.- The ppinion that the succnlency of plants i.s n sort of 
dropsical condition, caused by the absence of stomata to carry oil' the 
fluids, has not been confirmed by observation. Hairs, according to 
their structure^ serve vtirious pur-poses. Lymphatic luiirs protect tin- 
surface, and regulate evaporation. Plants thickly covered with 
hairs, as Verbascum thap-sus, have been known to resi.st well an 
extended period of drought. Glandular hairs, and ghmds hr general, 
form seefedons which are erjrployed in the economy of vegetation, or 
are thrown off as excretions no longer fitted for the use of the pliuit 
itself Many of these secrctioirs const-ifute important articles of inatoria 
mediea. Lenticels keep up a coimection between the air and the inner 
bark, and probably per^im tire function of stomata in the advanced 
period of fire growth of the plant. They are coirsidcred, by Decan- 
ooUe and ofiiers, as being the points where young roots arc produced 


ng. 89.—'Vetdcular gland fhnn ItuU grartioIenB, or Common lluc. Gland formed by la^tc 
tcaa^rent cells, surrounding a centrsa locwa, t e, Kpidcnuls from ujitpur surfoce of the leaf 
0 e, tt c, Cells flllod with Clilorophylle. 


in certain cirenms^BOcai^nlEd <m lliift been 

Shitogena Q‘^», a root, miynmiup, io *3^^ are oon8|a». 

caous in Willows, the yowg Inmdhes c^^wttksh ibxm re«^ yeiy 
readily when plactd in nn)^ eoiL’ Scpe h#9 th^jittyle 

of phmts are called coUecthig hairs, droha the te^||ji||^^h 
fom in taking the .pollen. Iif l4e impedes of these hots 

are so fonndl, that pe pollen hu beat idpsipa|p^'4ieb 
part is drawn witidn the lower. In many hain a dtnolii^ of muds 
takes place, connected appaifently with ttieir nutrition and derdk^ 
ment (fig. 86). In the monuifortn pnrple hairs on the stamens or£rades> 
catitia, or Spiderwort, this 'movemott may be easily seen nndar the 
microscope. The sulgect of the drcnlation in hairs will be considered 
under Rotation. 


Form of Stems. 


G5. The stem is that part of a plant which bears the leaves 
and flowers. It receives the n.-une of Caulis in ordinary herbaceous 
plants which do not form a woody stem, Trvnctis in trees, Caudex 
in shrubs, Culm in grasses, and Stipe in Palms and iema It is not 
always conspicuous. Plants with a ■ distinct stem are cafled caules¬ 
cent. ; those in which it is inconspicuous are acaules. Some plants are 
trul) steniless, and consist only of expansions of cellular tissue, called 
a Tlifil/ifs, and lienee are denominated Thcdlogais, or ThaUophgtes (IkAX*;, 
u frond, yiinifit, to produce, ^rdv, a plant). They have no true vas- 
eidar system, but are comjioscd of cells of various sizes, wMch some¬ 
times assume an elongated tubular form, as in Chara. The cells are 
sometimes united in one or several rows, forming simple filaments, 
}»s in Conferva;; or branched and interlaced filaments, as in some 
Fmigi; or membranous expansions, as' in Lichens and sea-weeds. 

66. Stems have usually considerable firmness and solidity, but 
sometimes they are weak, and either lie prostrate on the ground, thus 
1 lecoming procumbent, or climb on plants and rocks by means of suckers 
like the Ivy, being then called scandent, or twist round otlter plants in 
a spiral manner like Woodbine, becoming vohibik. Twining plwats turn 
either from right to left, as the French bean. Convolvulus, Passion¬ 
flower, and Dodder; or ^m left to right, as Honeysuckle, Hop, and 
Tamus. Bryonia alba twines "Irom right to left, and from left to right, 
alternately. In warm climates, twining plants {Harm) often form 
thick woody stems; while in temperate regions they are generally 
herbaceous. Exceptions, however, occur in the case of the Clematis, 
Honeysuckle, and vine, the woody stems of which have received the 
name of Sarmmtum (sarmenttm, a twig, or catting of a vine). Some stems 
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ire developed moiedh diameter ihan in liiiglit, amd in^sent a peculiar 
ihortened and tMokened aspect, as Testudinaria, or Tortoiae-plwt, and 
!)yclainen. 

67. Stems have a provision fca: a symmetrical arrangement of leaves 
md branches; MdlfL {nodus, a Ichot), or'points whence leaf^buds are 
OToduced, bein^pEmed at regular intervals. No such provision occurs 
n roots which ramify irregularly, according to the nature of the soil, 
rhe intervals between nodes are called internodes. The mode in whidi 
tranches come off from the nodes, gives rise to various forms of trees, 
luoh as pyramidal, spreading, or weeping; the angles formed with 
he stem, being more or less acute or oblique. In the Italian Poplar 
md (fypress the branches are erect, forming acute angles with the 
ipper part of the stem; in the Oak and Cedar they are spreading or 
jatent, forming nearly a right angle; in the weeping Ash and Elm 
hey come off at an oblique n^le; while ^liie weeping Willow and 
Birch, they are pendatoas’apXnildilir ilpnlility. The comparative 
ength of the upper and under branches, also gives rise to differences 
n the contour of trees, as seen in the conical form of Spruce, and the 
imbrella-like form of the Italian Pine {Firms Pined). 

68. Plants which form permanent woody stems above ground, are 

lenominated trees and shrubs, while those in which the stems die 
lown to the ground, and are not persistent, are called herbs. The 
erm tree (ar&or) is applied to those plants which have woody stems 
nany times exceeding the height of a man, tlie lower part free from 
}rauches being the trunk; a shrub (Jrutex) has a stem about thr«> 
imes taller than a man, and branches from near the base: an vndtr- 
hrub (su^rutex) does not exceed the length of the arm; while a Imsk 
dumus) is a low diminutive shrub, with nmnerous branches near the 
)ase. The terms e^rborescekt, fruticose, suffniticose, and dumose, are 
ierived from these..'.'_ / ■ ' ’ ■ ' , ■ 

69. Stems have usually a round form; but they are sometimes com- 
tressed or flattened laterally, while at other times they are angular: 
Ming triangular, with three angles and three flat faces; trigonmis 
Tftii, three, and ymlu, an angle), with three convex faces; triquetrous 
triquetrum, a triangle^ with three concave faces; quadrangular, or 
quare; quinqumqidar, or five-angled; octangular, or eight-angled, &c. 

70. The stem has been called the ascending oris, fiom being devel- 
jped in an upward direction. It does not, however, always ascend 
nto the air; and hence stems have been divided into aerud, or stems 
vhich appear whoUy or partially above ground; and subterranean, or 
hose which are entirely under ground. Ihe latter are often called roots, 
jut they are distingubhed by producing leaf-buds at regular intervals, 
rhe following are some of the more important modifications of stems:— 
[he Crown the root is a shortened stem, often partially under ground, 
vhich remains in some plants after the leaves, branches, and flower- 
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stalks have vdthered. In this case the internodte are very short, and 
the nodes are crowded together, so that the plant appears to be stem¬ 
less. It is seen in perennial 
plants, the leaves of which die, 
down to the ground annually. 

ABfuzome or root~stock(&g. 90), 
is a stem which runs along 
the surface of the ground, be¬ 
ing partially covered by the 
soU, sending out roots from its 
lower side, and leaf-buds from 
its upper. It occurs in Ferns, 

Iris, Hedychium, &c. By many 
the term rfiuome is applied to stems creeping horizontally, whether 
they are altogether or only partially subterranean. A Pseudo-bulb is 
an enlarged bulbous-hke aerial stem^ common in Orchidaceous 
plants. It is succulent, often contains numerous spiral cells and 
vessels, and is covered with a thick epidemnis. In the Kohl-iabi, 
a peculiar tliickened turnip-like stem is met with. A Scales is a 





creeping under-ground stemf sending roots from one part and 
leaf-buds from another, as in Couch grass, Carex arenaria, and Scir- 
pus lacustris (fig. 91). It is often c^ed a creeping root. A Taier 

Fig. 90.—Portion of Rhteom©, r, of CJonvallarla Polygonatnm. «, A bud in the progrew of de¬ 
velopment. fc, A bud dex^lopca aa a branch at the extremity of the rhizome, e c, Cicatrices or 
rituation of oid branches which have decayed. 

xig. 91.—Sobules, or Creeping subterranean steim r, of Sclrpua lacnstria /«»/«» Scales on the 
^ ^ Aerial portion of the plant t <, Level of me earth. 

*ig. 92.—Lower portion of a potato plant s t Level-of ®Mth. a, p «, Aerial portion bearing 
^vea. t Subterranean portion of stem or tnber& T, tuber showing eyes or leeu-buds, covered 
by scales, 6, which are equivalent to leaves. 
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is a thick^ed ston produced by the approxiniation of the nodes 
and the swelling of the intemode^ as in the potato (fig 92 t). 
Tubers are sometimes aerial, occupying the place of branches, more 
especially when the potato hM been m^e to grow in darkness. The 
t^es of the potato are leaf-buds. The ordinary herbaceous stem of the 
potato, when cut into slips and planted, some¬ 
times forms branches fi-om its base which 
assume the form of tubers. These tubers 
occasionally become nodulated, or elongated, 
or curved in various ways. Arrow-root is 
derived fi'om the scaly tubers of Maranta 
arundinaoea. A Corm is a solid under- 
groimd stem which does not spread by 
sending out shoots, but remains of a roimded 
form, and is covered by thin scales on the 


ened branches, citlier from the apex as in 
Gladiolus, or finsm the side as Colchicum 
(fig. 93 a"). Tliese buds feed on the ori¬ 
ginal corm o', and destroy it. It will be noticed afterwards, when leaf- 
buds and bulbs are considered. 

Internal Structure of Stem. 

71. Stems, according to their structure, have been divided into three 
classes ;—Exogenous (l|», outward, and ytrpiuii, to produce), when the 
bundles of vascular tissue are produced regularly in succession exter¬ 
nally, and go on increasing indefinitely in an outward direction. Endo¬ 
genous (hiar, within), when the bundles'of vascular tissue are produced 
in definite bundles and converge towards the interior, additions being 
thus in the first instance made internally. Acrogenous (iZ»for, summit), 
when the vascular bimdles are developed at the same time and not in 
succession, the addition to the stem depending on the union of the base 
of the leaves and extension of the growing point or summit. The plants 
which exhibit these three kinds of stem, are distinguished also by the 
structure of their embiyo. Thus exogenous stems are met with in plants 
having an embryo or germ which has two cotyledons or seed-lobes, 
hence they are c^ed Dicotyledonous (Ih, twice, and xorvXsStiii, a seed- 
lobe) ; plants with endogenous stems have only one cotyledon, and are 
caSledMonacotyledoimis (ftapoi, one); while plants with acrogenous stems 

Hg. SS.—Conn or under-ground stem of Colchicum antumniUe. r, Roots. /, Leaf, o', Ascend¬ 
ing axis of preceding year, withered. a", Axis of the year, a'", Point where uds of next year 
would be formed. 


outside (fig. 93). It occiu^ in Colchicum, 
Tulip, Crocris, and Gladiolus. It is distin¬ 
guished from a root by sending off annually 
buds in the form of small conns or thick- 
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have no cotyledons, and are called Acotyledonous (*, privative). The 
terms connected with the embryo will be afterwards fully explmned. 

Exogenous or JDicotyUdomus Stem. 

72. The Exogenous or Dicotyledonous stem characterizes the trees 
of this country. It consists of a cellular and vascular system: the former 
including the outer bark, medullary rays, and pith; the latter, the 
inner bink, woody layers, and meduUmy sheath. In the early stage 
of growth, the yotmg dicotyledonous stem is entirely cellular; but 
ere long fhsiform tubes appear, forming bimdles, having the appear¬ 
ance of wedges (fig. 94 w w) 
arranged in a circle round 
a central cellular mass of 
pith (fig. 94 p), which is 
connected to the outer part 
or bark, by means of c^u- r 
lar processes called medul¬ 
lary rays (fig. 94 r r r). At 
first, the ceUular portion is 
large,—the pith, bark, and 

.r7 7 to p r p w r 

rays occupying a large por- w 96 

tion of the stem; but by degrees new vascular btmdles are formed, wliich 
are deposited between the previous ones (fig. 95 n n «). By this means 
the pith is more circumscribed, the medullary rays become narrow, and 
the bark more defined. Such is the structure presented by an annual 
herbaceous dicotyledonous stem, consisting of pith, a cirde of fibro- 
vascular and woody tissue, medullary rays, bark, and epidermis. 

73. The stems of trees and shrubs in their young state exhibit an 
arrangement similar to that represented as occurring in the herbaceous 
stem (fig. 95), with tliis difference, that the vascular circle is more 
firm and solid. As ligneous stems continue to grow, further changes 
take place by which their diameter is increased, and they are rendered 
more dense. The shoots or young branches given out annually, how¬ 
ever, are similar in structure to annual herbaceous-stems; and in 
making successive sections from the apex of a branch, which is succu¬ 
lent and green, to the base of a tnmk, which is comparatively dry 
and hard, the various changes Vhich take place can be easily tracea 
Tig. 96 represents a thin horizontal or transverse section of the upper 
pmt of a young branch of Acer campestre. In the centre, m, is the 
pith, very large at this period of growth, and occupying at least one- 
half of the whole diameter, its cells diminishing in size as they approach 

FJg, Younff Dicotyledonoiu or ExogenouR ateiiL ir ir, Vascular bundles in the form of 
w^gea Pith, r r r, HedulUoy rays. 

FIff. 96.—Same stem mrther advanced; the letters ns in fig. 94^ »nn, new vascular wedires 
interposed between those first formed. 
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the drcumferenoe. Immediately surrounding the pith is a layer of a 
greenish hue, the meduUaiy sheath, e m, firom wmch the medullary 

rays, r m, proceed towards the cir- 
cmnferenoe, dividing the vascular 
circle into numerous compact seg- 
' ments, which consist of woody ves- 
'^p sels,/6, and of pprous vessels, vp. 
These are surrounded by a moist 
layer of greenish cellular tissue, c, 
‘ c^ed the cambium layer, which 
is covered by three layers of bark, 
p / c, e c, and p, with laticiferous 
vessels, v I, the whole being en¬ 
closed by the epidermis, e p. On 
making a thin vertical section of a 
portion of the same branch, and 
viewing it xmder the microscope, the parts composing the different por¬ 
tions become more obvious 



(fig. 97). The pith, m, with its 
hexagonal c^s decreasing 
in size outwards, surroimded 
by a narrow fibro-vascular 
zone; the medullary sheath, 
consisting chiefly of spiral 
vessels, t; the medullary 
ray, r m; the vascular zone, 
consisting of porous vessels, 
»p, of Itoge diameter, and 
forming the large round 
W apertures seen in a trans¬ 
verse section; the woody 
fibres, f I, with their thick walls and smaller apertures; the inner bark 
or liber, / c, with the layer of cambium cells, c; the second layer 
of bark, or the cellular envelope, e c, with the laticiferous vessels, v 1; 
the outer or suberous layer of bark, p, with the thin layer of epider¬ 
mis, ep, having hairs scattered over its siuface. 

74. Sudi is the structure of a you^g shoot during the first year of 
its growth. At the end of a second year the shoot is found to have 
increased in diameter by the formation of a zone of vessels consisting 
of porous and woody tissue, and a zone of fibrous bark, the medullary 



Hk. 9 «.—Horizontal aectlon of yoang stem of Acer eampcstrc, magntfled twenty-six diameters- 
m, rttb. e *», < m, Mednllary sheatlL VS,/A Woody bundle! oyi, Porous veasela rm,MeduI- 
l^rays. c, Cambium, /(.nbres of Endoulilceum. v 1, Latlclferona vessel! e c, Cellular envel¬ 
ope, HesopUcenm. p, Cendey envelope, Eplphloeum. e p, Hptdennla 
Fig. S7.—Vertical seottmi of the same stem more iilgluy magnified, t, Tracbeie or spiral 
vessels. Woody flbrea Tbe other letters as In fig. 96. 
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ruys being at the same time continued fixtm witihin ontwards. This k 
represented in fig. 98, where (1,1) indicates the section of the stem of 



Ae firet. year’s ^wth (the letters referring to the same part as in figs. 
96, 97); and (2) shows the interposed zones of the second year, by 
whicli the diameter of the stem is increased. 

^ j' central part of a dicotyledonous stem, is com- 

I^sed of cellu^ tissue, which is developed in an upward direction, 
the cells dimimshing in size towards the circumference, and being often 
he^gonaL In the young plant it occupies a large portion of the 
and sends oeUular processes outwards at regular intervals to join the 
™ j (figs. 94, 95, p). The pith has at first a greenish hue, 

ma is ^ of fluid, but in process of time it becomes pale-coloured, 
^y, and full of ah. These changes take place first in the central 
• ometimes the pith is broken\ip into cavities, which have a regular 
aj^gement, as in the Walnut and the Jessamine; it is then dia- 
or disciform (S/rao;, a disc, from the drcvilar partitions). At 
other tunes, by the rapid growth of the outer part of the stem, tlie 
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pith is n^tiired irregularly, and forms large caTities, as in the fistular 
stem of Umbelliikrons plants. Circumscribed cavities in the internal 
cellular portions of stems are by no means mrfrequent, imsing either 
frpm rapture c» absorption of the ceUa. In some rare instances, ves¬ 
sel occur in pith, as in Elder, Pit<*m:-p]ant, and Ferula; and occa¬ 
sionally its cells are marked by pores indicating the formation of 
secondary deposits. The extent of pith varies in different plants, and 
in different parts of the same plant. In Ebony it is small, while in 
the Elder it is large. In the Eice-paper plant, a species .of ^Eschyno- 
mene, the interior of the' stem is occupied almost entirely by cellular 
tissue, which may be called pith; fix)m this the paper is made by 
cutting thin sections in a orcular manner. The same kind of tissue 
occurs in the Papyrus of the Nile. When the woody circle of the 
first year is completed, the pith remains stationary as regards its size, 
retaining its dimensions even in old trunks, and never becoming oblit¬ 
erated. 

76 . Tke MedaiiBiT Sheatk. is the fibro-vasculoT layer immediately 
surrounding the pith. It forms the inner layer of the vascubr bundle 
of the first year (fig. 97 t), and consists chiefly of true sj)iral vessels, 
which continue to exercise tljeir functions during the life of the plant, 
and which extend into the leaves. With the spiral vessels there are a 
lew woody fibres intermingled. The processes from the pith are pro¬ 
longed into the medullary rays between the vessels of the sheath. 

77. w««d 7 X<Bren> During the first year, the vascular circle con¬ 
sists of an internal layer of spird vessels forming the medullary sheath, 
and external bundles of porous and ligneous vessels. In subsequent 
years the layer of spiral vessels is not repeated, but concentric zones 
of porous vessels (fig. 98 ter.), and pleurenchyma are formed, consti¬ 
tuting what are commonly willed the woody circles of trees. The 
vascular bimdles, from their mode of development in an indefinite 
manner externally, have been called Emgetum; and, for the same 
reason, Schleiden has denominated them It^efaike. Exogenous plants 
have sometimes received the name of Q/elogens (»iiAos, a circle), 
in consequence of exhibiting concentric circles, in their stems. On 
a transverse section, each zone or circle is usually seen to be separ¬ 
ated fifom that next to it by a well-marked Une of demarcation. 'Jhis 
line, as in the Oak (figs. 99, 100), and in the Ash, is indicated by 
holes which are the openings of l^ge porous vessels; the remainder 
of the tissue in the circle being formed by pleurenchyma, with 
thickened walls and of smaller calibre. In some trees, as the 
Lime, Hornbeam, and Maple, the line is by no means so well marked, 
M the openings are smaller and more generally difiused; but there 
is usually a d^dency of porous vessels towards the outer part of the 
circle. In eone-beaimg plants, as the Fir, in which the woody layers 
consist entirely of punctated woody tissue (fig 47), without any 



large porous vessels, l^e line of separat 
ch 3 rma becoming dense and often 
coloured. In some kinds of wood, 
iis Sumach, the zones are separated 
by a marked development of cellular 
tissue. The separation between the 
zones is said to be owing to the 
interruption in the growth of the 
tree during autumn and winter, and 
hence it is well defined in trees of 
temperate and cold climates. But 
even in tropical trees, the lines, al¬ 
though often inconspicuous, arc still 
visible; the dry season, during vrhidi * 99 

many of them lose their leaves, being their season of repose. 

78. Tlic woody layers vary in their texture at dificrent periods. At 
first the vessels are pervious and full of fluid, but by degrees thicken¬ 
ing layers are deposited which contract their canid, and sometimes 
obliterate it. 'flie first- 
formed layers are those 
which soonest become thus 
altered. luoldtrees, there 
is a marked division be¬ 
tween the central Heart- 
wood or Duramen {durus, 
hard), and the external 
S(^-wood or Alburnum 
(albits, white); the former 
being hard and dense, and 
often colouretl, tvith its too 

tubes dry and thickened; while the Latter is less dense. Is of a pale 
colour, and has its tubes jxjrmeable by fluids. The diiference of colour 
between these two kinds of woods is often very visible. In the Ebony 
tree, the duramen, or perfect-wood, is black, and is the part used for 
fiimiture, &c.; thealbumum is pale: in the Beech, theheart-woodisli^t- 
brown; in the Oak, deep-brown; in Judas tree, yellow; in Guaiacum, 
greenish. The alteration in colour is frequent in tropical trees. In 
those of temperate climates, calied white-wood, as the Willow and Pop- 

99. >-*Hori«)ntal section of tlic stem of an oak elitht years old ft. Wood, showing eon- 
i iiitric circles or zones, separated by points which correm>ona to the opeiiteg of the large porous 

or Botiirenchyma. e, Uark, showing alsi> eight concentric circles, thinner and Jesa 
uisttn^ ^The wood and bark are trayersed by mednllan' rays, some of which extend from the 
others reach only a certain wj^ fowaida 

100. ~HonzontaI section of two woody bwiSes of Cork-oak, separated from each other 

by ue mMuU^ ray, r The two prlmaiT bandies are divided by secondary rays, rm** 
r r which ra^ in extent acxoruiiu; tethe period when they originoted. m, Hlh. e 

Celhiiar envelope, p, Cotky envdope, wUoi is highly developed and eilublts several layers. 
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Ittr, no dhange in G(doi]T takes place; this is also the case in &e Chest¬ 
nut and Bombax. The relative proportion of albumum and duramen 
tiiflh rw in different trees. Duhamel says that in the oak, six inches in 
diameter, the alburnum and duramen are of equal extent; in a trunk 
one foot in diameter, they are as two to seven; in a trunk two feet in 
diameter, as one to nine. The heart-wood is more useful than the sap- 
wood, and less liable to decay. The wood of different trees varies much 
in its durability. Pieces of wood, inches square, were buried to the 
depth of one inch in the ground, and decayed in the following order: 
—-lime, American Bircl^ Alder, and Aspen, in three years; WiUow, 
Horse-chestnut, and Plane, in four years; Maple, Red Beech, and Birch, 
in five years; Elm, Ash, Hornbeam, and Lombardy Poplm, in seven 
years; Kobinia, Oak, Scotch Fir, Weymouth Pine, Silver Fir, were 
decayed to the depth of half an inch in seven years; while Larch, 
common Juniper, Virginian Juniper, and Arbor "VitsB, were uninjured 
at the end of that time. 

79. Frtim the mode in which the woody layers are formed, it is 
obvious that each vascular zone is moulded upon that which precedes 
it; and as in ordinary cases each woody circle is completed in the 
course of one year, it follows, that, ^ counting the concentric circles, 
the age of a tree may be ascertained. Tbns fig, 99 represents an osik eight 
years old having eight woody layers, b. This computation can only be 
made in trees having marked separations between tlie circles. There 
are, however, many sources of fiiUacy. In some instances, by interrup¬ 
tion to growth, several circles may be formed in one year, and thus le^ 
to an erroneous estimate. Care must be taken to have a complete section 
fium the bark to the pith, for the circles sometimes vary in diameter 
at difierent parts of their course, and a great error might occur fium 
taking only a few rings or circles, and then estimating for the whole dia¬ 
meter of the tree. When by the action of severe frost, and other 
causes, injury has been done to the tender cells from winch the young 
wood is devdoped, while, at the same time, the tree continues to live, 
BO as to form perfect woody layers in subsequent years; the date of 
the injury may be ascertained by coimting the number of layers whidi 
intervene between the imperfectly formed drcle and the bark In 
1800, a Juniper was cut down in the forest of Fountainbleau, ejdiibiting 
near its centre a layer which had been ^ected by frost, and which was 
covered by ninety-one woody layers, showing that this had taken place 
in the winter of 1709. Inscriptions made in the wood become 
covered, and may be detected in after years when a tree is cut down; 
so also wires or nails driven into the wood. As the same develop¬ 
ment of woody kyCTs takes place in the branches as in the stem 
of an Exogenous tree, the time when a branch was first given off 
may be computed by counting the circles on the stem and branch 
respectively. If tk6re are fifty circles for instance in the trunk, thirty 



in one branch, and ten in another, dien tree mnst hare been 
twenty years old when it produced the first, and forty when it foim^ 
the omer. 

80. In Exogenous stems the pith is not always in the centre. The 
layers of wood on one side of a tree may be larger than those on the 
other, in consequence of more full exposure to light and air, or the nature 
of the nourishment conv^ed, and thus the pith may become excmtric. 
Zones vaiy in size in di£(^nt kinds of trees, and at different periods 
of a plants life. Soft wooded trees hare usu^y broad zones, and bid 
trees form smaller zones than young ones. There are certain periods 
of a plant’s life when it seems to grow most vigorously, and to form the 
larg^ zones. This is said to occur in the oak between twenty and 
thirty years of age. 

81. CawbtoaK—External to the woody layers, and between them 
and the bark, there is a layer of mucilaginous seinifiuid matter, which 
is particularly copious in spring, and to which the name of Cambium 
{cambio, to change, from the iterations that take place in it) has been 
given (figs. 96, 97 c). In tliis are aft«irwards formed cells, ciled cam¬ 
bium ceils, of a delicate texture, in which the protoplasm and primary 
utricle are conspicuous. These cells undergo changes, so as to assume 
an elongated fu^orm shape, and ultimately become thickened pleuren- 
chyma So long as the primary utricle can be detected, they appear 
to be in an active state, and capable of developing new cells. This 
cambium layer marks the separation between the wood and the barL 

82. Basil or CarUaai {cortex^ bark) arMeas, lies external to the wood, 
and, like it, consists of several layers. In the early state it is entirely 
cellular, and is in every respect similar to the pith; but, as the vascular 
btuidJes are developed, the bark and pith are separated, and the former 
gradually becomes altered by the formation of secondary deporits. 
The bark consists of a cellular and vascular system. In tnfe remect 
it resembles tlic wood, but the position and relative proportion of these 
two systems is reversed. In the bark the cellular system is external, 
and is much developed; wliile the vascular is internal, and occupies 
comparatively a small space. The cellular portion of the bark con¬ 
sists of an external layer, or EplphUmm (ex/, upon, on the outside, and 
9 x«/«r, bark), and the cellular envelope, or Mmphlmm (ftwoV, middle); 
while the vascular system forms the internal portion called Liber, or 
Endophlceum (hior, within). * 

88. The inner bark, or endophUmm (fig. 98 f c), is composed of elon¬ 
gated pleurenchyma mixed with latidferous vessels and some cellular 
! issue. It is separated fi^m the wood by the cambium layer. Thepleu- 
imichymatous tubes are thickened by concentric deposits in their 
interior, and thus they acquire a great degree of tenacity. The liber 
of the lime tree and of Lepurandra saeddora (a species of Antiaris?), are 
used to form mats, corda^, and sacks; and ^e toughness of the fibres 



of the ioner bade flaic, hmp, and of maaj of the nettle and mallow 
tribe, xead^ them fit fin varioos mantu&ctoring purposes. The liber 
is sometimea called the bast-layer, from its uses. Occasionally it is 
continuous and uninterrupted, as in the Vine mid Horse-chestnut; at 
other times, as in the Oak, Ash, and Lime, the fibres are separated during 
the progress of growth, and form a sort of net-work, in the interstices 
of which the medullary rays are seen. The fibres of the lace-lmrk 
tree {Lagetta lintearm) are thus formed. In fig. 
101, is represented &e bark of Daphne Lau- 
reola;/indicating the woody fibres of liber, and 
r the medullary rays. The endoplilosum in¬ 
creases by layers on its inside, wliich arc thin, 
and may be separated like the leaves of a book, 
and hence the application of the name liber. The 
term liber may be derived from the fimt of the 
inner bark being used for writing ui)on. 

84. The celli^ envelope, or mesnphUeum, lies 
immediately on the outside of the lilier. It con¬ 
sists of polyhedral, often prismatical cells (fig. 
98 bis, e c), usually having clilorophylle, or green 
colouring matter, in their interior, but some¬ 
times being colourless and containing raphidcs. 
They are distinguished from tliose of tlie epi- 
phlceura by their form smd direction, by their 
thicker wmls, their green colour, and the inter¬ 
cellular spaces which occur among them. This covering is usually less 
developed than the outer suberous layer, but .sometimes, as in the 
Larch and common Fir, it becomes very thick, and separates like the 
epiphloeum. In the cellular envelope laticiferous vessels occur. 

86 . The Epipldemm is the outer covering of tlie bark, consisting of 
cells which usually assume a cubical or flattened tabular form (fig. 98 
bis, p). The cells have no chlorophylle in their interior, are pl^ed 
dose together, and are elongated in a horizontal direction; and thus 
they are distinguished from the cells of mcsophloeum. In the progress 
of growth they become often of a brown colour. This covering ma}' be 
composed of a single layer of tabular cells; but in some trees it consists 
of numerous layers, forming the substance ciiUed cork, which is weU seen 
in Quereus mb^, the Cork-oak (fig. 106 p); hence the name suberous, 
or corky layer, which is given to it. The form of its cells varies in 
some instances, being cubical at one part, and more compressed or tabu¬ 
lar at another, thus giving rise to the appearance of separate layers. 
After a certain period (sometimes eight or nine years), the corky portion 
becomes dead, and is thrown off in the form of thickish plates, leaving 

Fig. 101."~Network formed by liber of Daphne Laoreola. //, Fibrous bundlea r r, Medullary 
rays. 



a layer of tabiilarcdbor/MTtilerm bdow. On tibe extmor of <be ejn- 
phloeum is situated the epiderpis, which has already been desctib^ 
(f 47). It is formed of a layer of cells, which in wtx)dy stems serve 
only a temporary purpose, beaming ultimately dry, and being thrown 
off in the form of plates or shreds. 

86 . The bark, in its increase, follows an order exactly the reverse of 
that which occurs in the woody layers. Its three portions increase by 
additions to their inside. The layers of liber owe their increase to the 
cambimn cells, which, by their constant reproduction, mark the sed¬ 
ation between the vascular bundles of the wood, and the fibres of the 
endophlflcum. These layers are often so compressed and united together 
as to be coimted with difficulty, while at other times they are separated by 
rings of ccUular tissue, and thus remain conspicuous. In the case of the 
cellular portionsof the bark, there are also successiveadditions, sometimes 
to a great extent, but they do not tisually exhibit any marked divisions. 

87. As the additions are nutde to the woody layers on the outside, 
.and to the bark on the inside, there is a constant distension going on, 
by which the bark becomes compressed, its layers of liber are con¬ 
densed, the fibres are often separated so .os to form modies (as in the 
lace-bark), its epidermis is thrown off, and the epiphlmum is either 
detached along with it, or, when thick, is ruptmred in various ways, so 
as to give rise to the rugged appearance presented by such trees as the 
Elm and Cork-oak. In some instances the bark is very distensible, 
iind its outer celluhur covering is not much developed, so that the 
surface remains smooth, as in the Beech. The outer suberous layer 
sometimes separates with the epidermis, in thin plates or scales. In 
the Birch, these have a white and silvery aspect. There is thus a 
continual destruction and separation of different portions of the bark, 
'fhe coUular envelope and liber may remain while the epipliloeum 
separates, or they al.so may lie gradually puslied off—the parts which 
were at first internal becoming external. In the case of some Australian 
tnses, both the cellular and fibrous portions are detached in the form 
of thin flakes, and occasionnUy each annual layer of liber throws off 
that wluch preceded it. Tlic epidermis separates early, and no renewal 
of it takes place. Tiicre is, however, an internal covering, which is 
formed of various portions of the bark. To this covering the name 
Periderm (vffl, around, and iem», skin) has been given by MohL 

88 . From the mode in wlucm the outer layers of bark separate, it 
follows that inscriptions made on them, and not extending to the wo^ 
gr.'^ually fall off and disappear. A nail driven into diese layers 
i'itimately fafls out. In consequence of the continued distension of an 
exogenoiw stem, it is foimd tliat woody twining plants cause injury, by 
interrupting the passage of their fluids. A spiral groove may thus !:« 
foimed on the smfiujo of the stem, by the compression exercised by a 
twining plant, such as honeysuckle. From what has been stated rela- 
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tiiv^ to tibte dutaAes take place in the bail^ it be tmderstooa 

that ft is often fflfficnlt to count its annpal layers, so as to estimate the 
age of the tree by means of them. This may, however^ be done h. 
some cases, as shown at fig. 99, where there are mght layers of bark 
e, corresponding to eight woody layers, b. 

89. ntedaiiiurr Bar* ar x*iatea.—While the bark and pith becom<^ 
gradually separated by the intervention of vascular bundles, the con 
nection between them is kept up by means of processes called medul 
lory rays (figs. 94, 96 r). These form the silver grain of carpenters ^ 
they conununicate with the pith and the cellular envelope of the bark, 
and they consist of cellular tissue, which becomes compressed and flat 
tened so as to assume a muriform appearance (fig. 102 m r). At firs 
they occupy a large space (fig. 94 r ); but as the vascular bundles in- 
crease, tliey become more and more narrow, forming thin laminte oi 
plates, whidi separate the woody layers. On making a transverse or hori¬ 
zontal section of a woody stem, the medullary rays present the aspect o: 
narrow lines running fi-om tlie centre to the circumference (figs. 99, IOC 
r m); and in making a vertical section of a similar stem through ont 
of Ae rays, the appearance represented in fig. 102 will Iw observed 
where a medullary ray, m r, composed of flattened muriform cdls 



passes fi-om the pith, p, to the celltflar envelope, c e, crossing th 
trachea} of the medullary sheath, i, the ligneous tissue, I, the porou 
vessels of the wood, b, and the fibres of the Uber, c /. The lamin® d 
not by any means preserve an uninterrupted course from the apex t 


Fig. 102.—Vertical aection of a one-year old traneb of Acer campostre highly magnified, an 
extending from the pith to the bark, parallel to the mednllaty raya m r, A mcdiUlaiy ray t 
{date extending from the pith, p, to the bark, e e, croadng trachem, t, voody Sbree, £ poro\ 
a ta e la, h, and cortical flbrea, e/. 

na'isa—Vertical aection la the came branch perpendtcnlar to medullary raya 1 1, WooC 
Shraa Thidh interlace, leaving apocca mr,mr,mr, where the medullary rays paaa 





thebaseofthe^ree, 'I^ are broken ^lp by tbe mt«arventioa of wo^ 
fibres, as seen in a vertiosi section of a woody st^ (fiig. 108), pei^- 
dictfiar to the mednUaiy rays m r, m r, ni r, which are separated by 
interladng woody fibres, IL. llie medidlary rays are usually continu¬ 
ous from the pim to the bark, additions b^g made to them as they 
proceed outwards. But, occasionally, secondary rays arise firom the 
outer cells, which pass only to a certain depth between the vascular 
bundles, as in the Cork-oak (fig. 100, r W", r m", r m""). Medul¬ 
lary rays are conspicuous in the Cork-oak, Haad, Beech, Ivy, Clematis, 
Vine. They are not so well marked in the lame. Chestnut, Birch, 
Yew. 


Ammalks in the Structure of the Exogmm Stem. 


90. The stemsof Dicotyledonous plantsoecasionally present anomalous 
appearances in the structure and arrangement of their wood, bark, and 
medullary rays. In place of concentric circles, there are sometimes only 
a few rows of wedge-shaped vascular bundles produced during the life of 
the plant, additions being made by the interposition of bundles of a simi¬ 
lar kind annually, resembling in this respect the formation of woody 
bundles in the early growth of herbaceous plants (fig. 95). In the 
Pepper tribe, Aristolochiaceae, and Menispermaceaj, tbese anomalous 
stems occur. In Gnetiun (fig. 104), the vascular bundles, bbbbbbb, 
form zones, which are each tbe produce of several years’ growth, and 
are separated by layers, ll III I, which may be considered as reprc*- 
senting difierent zones of liber. 


..h I ■ 


In some of the Menisper- 
mum tribe, the separating lay¬ 
ers are of a cellular and not 
ofa fibrous nature. InBanis- 
teria nigre.scemi(fig. 105X the 
yoimg stem (1) presents a 
four-lobed surfiicc; the lobes 
gradually deepen (2), and ulti¬ 
mately (3) the stem is divided 
into a number of separate por¬ 
tions, the central one of which 
alone exhibits pith andmcdul- 
laiy rays. The portions are 
separated by interposed cortical layers. 

5^y of the Malpighiaceae, Sapmdaceoe, and Bignoniaceffi of Brazil, 
exhibit stems in which the woody layers are arran^ in a very irregu¬ 
lar manne r. In tbe stem of Calycanthus fioridns, and of some Bra- 



I t».--Hoite(»tii! SBrtion of stem of Gnetum. m, Hlli. tm. MediflUiiy ahartli. * « » 
^ aevon concentric cones, each of watch Is the protluce of senreral 

flit Ilf whran nf *'*Tirm1ng intOT pr ii c i d cItcIoi, eQBil in number to the woo^ scnies. 
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aalian Sapindaceae, sacli as Paullinia pinnata (fig. 106), SeganiB tri- 
temata, and SelloTian^^ there is a cenl^ woody mass with iiram three 
to ten small secondaiy ones around it Each of the masses contains 
true pith, apparently derived fi:om the cortical cellular tissue, or &om 
the original medullaiy centre. Gaudichaud and Jussieu state that 
around these separate collections of pith, there is a medullary sheath 
and spiral vessels. No annual rings have been detected in the 
secondary masses, but medullary rays exist, usually in Uieir outer 
pordou (fig. 106). In these anomalous Sapindacese, die central and 
lateral woody masses are enclosed in a common bark, with a continu¬ 
ous layer of liber. Some have supposed that the laterd masses are 
undevdoped branches united together under the bark; but Treviranus 
considers diem as connected with the formation of leaves, and as de¬ 
pending on a peculiar tendency of the vascular bundles to be devel¬ 
oped independendy of each other round several centres. 



In some Bignoniaceas (fig. 107), the layers of wood arc divided in 
a crucial maimer into four wedge-shaped portions by the intervention 
of plates differing in texture from the lordiiiary wood of the plant, and 
probably formed by introversion, or growing inwards of the liber. In 
some Guayaquil Bignonias, Gaudichaud perceived first four of these 
plates, next eight, then sixteen, and finally thirty-two. In Aspido- 
spermum excclsum of Guiana, and in Heteropteiys onomala (fig. 108), 

Fie;* 10K.-->-Ho^ontal section of stem of BanUteria nJgrescens at different ages. 1. Stem 
jpnresenting fonr roperfldal loties. 2. Showing six deeper lobes, with Intermediate diviMons. 8. 
The lobes separated by cellolar tissue, the middle one alone haring piUi and medullary sheath. 
Ibe points indicate the orifices of porous vessels. 


the stem assumes a peculiar lobed and ^uous aspect, and ill some 'woody 
cubing plants, pressure ^uses the stems to become flatteabd <m tlm 
side next the tree on which th^ are supported, wUiie'.'dtnii being 
twisted alternately in diferent directions, th^ presait a: rsmarfcslile 




lOfi 




zigzag form, having the woody layers developed only on one side (fig. 
109). In Firs, the wood is occasionally produced in an oblique in 
place of a pCTpendicular manner, thus injuring the timber, and causing 
it to split in an miusual way. The young plants produced from the seed 
of su<A twisted-wooded fii^ arq said to inherit the peculiarity of their 
parents. 


Ha IOC.—Horizontal section of the stem of PauUinia pinnata, one of the Sapindace® of 
- •raall, showinft nnmcrous secondary woody masses, sarroonding a central one. Each of we 
«<^^te masses has pith, often excentiic, with a medullary sheath, containing spiral ressels. 
and a few mcduilary rays chiefly towards the circumference of the stem. 

rig. 107.—llorisontal section of the stem of Bignoida capreolata, showing the crucial division 
of the woody layers. „ , 

ijff. 108.—HorUontal section of stem of Heteroptervs anomala, one of the Brazilian Mai- 
pl^oce®, showing an IrrcgulwJy lohed surface, xhe dots indicate ihjtous vessels. 

Fig. 109.—Fragment of a stem of a cUraWng aiHicles of Banistoria (B. scandens) showing the 
clrects of couipre^ion. 
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JEndogenous or Monoeoh/ledanous Stem. 

91. This kind of stem is composed of cdls and vessels which are 
differently arranged from those of the Exogenous stem. The vsiscular 
bundles are scattered through the cellular tissue, and there is no dis¬ 
tinction of pith, wood, bark, and medullary rays (fig. 110). In the 

young state, the centre of the stem is occupied 
entirely by cells, which may be said to represent 
.pith, and around this the vessels are seen increas¬ 
ing in number towards the circumference. The 
central cellular mass has no medullary sheath. In 
some cases its cells are ruptured, and disappear dur¬ 
ing the progress of growtli, leaving a hollow cavity 
(fig. Ill); but in general it remmns permanent, 
and is gradually encroached upon by the develop¬ 
ment of the vascular sj’stcm. The latter consists 
of vessels arranged in dejinite bundles, whicli do 
not increase by additions to their outside after 
being once formed, although they are developed 
in a progressive manner. 'Ihese btmdles may be 
considered as representing the vascular wetlges, 
produced during the firet year of an exogenous 
stem’s growth (fig. 94). They consist of woody 
vessels enclosing some celluliur tissue between 
them, spiral, and porous vessels. Hie outer part 
of the stem is not fonned by a separable bark, but consists of a detise 
mass of fibrous tbsue, mixed with laticiferous vessels and celb. It is 
intimately connected to the inner part of the stem, without the inter¬ 
vention of meduUaiy^ rays. 

92. On making a transverse section of a young endogenous stem (fig. 
112 ), there is observed a mass of cells or utricles, tt, of various sizes, 
often small in the vicinity of the vascular bundles, spiral vessek or 
trachejE, <, large porous vessels, vp, laticiferous vessels, I, and woody 
fibres, f, re.sembling those of liber, thickened by internal deposits. A 
similar section of a further advanced endogenous stem, as of a Palm 
(fig. 113), shows numerous bundles of vessels dispersed irregularly in 
cellular tissue; those near the centre, rn, being sc;tttercd at a distance 
from each other, while those towards the outside are densely aggre¬ 
gated, so as to form a darkbh zone, b, and are succeeded at the circum¬ 
ference by a paler circle of less compact vessels, /, with some compressed 

Fig:. 110.—Part of fhe stem of Aspara^ cut transversely, showing the vessels as points dis> 
tributed through the cellular tissue, Leaf in the form of a scale. 

Us. IIL—Transveree section of stem of Phragmltes communis, or common reed The ccUn- 
iar tissue in the centre has disappeared, leaving u fistolar or hollow stem, with a ring of cells 
and vessels, the latter indicated by dots, a, Node where the fibres crcMs, so as to form a solid 
partition. 
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cells, covered by an epidermis, e. The peripherical portion, I, differs 
from true bark, in not being separable from the rest of the tissue. It 
has received the name of fc^ bark, and consists of the epidermal cells, 



f, and what has Ixien calhid the cortical integument, 1. Hiis portion 
of the stem is often very inconspicuous, but sometimes it is much 
developed as in Testudinaria elephantipes, in which it is rugged, and 
is formed of a substance resembling cork in many respects. 

98. Mold state's that, in the stem of a Palm, there may be distin¬ 
guished a central region, a fibrous layer, and a cortical region; and 
the same diA'isions are jwinted out by Henfrey in the stem of Spar- 
ganium rmnosum and other monocotyledons. Tlie central portion, 
representing the pith of dicotyledons, consists in Sparganium of 
spherical cells containing starch, while the cortical or outer portion is 
fonued Ijy irregular cells, which arc usually destitute of starch. 

1)4. It was at one time supposed tliat the woody portion of these 
stems wjvs increased by additions to the centre, so that the first-formed 
filwes were gradually pushed towards the circumference by those wliich 
.succeeded them, in the manner represented in fig. 114, 1: hence 
the term Endogenous within, and I produce), meaning 

internal growth. But Mold showed that this was not strictly correct. 
For although the fibres connected with die leaves, in the first instance, 
are directed towards the centijs, and are therefore always internal to 
tlmse previously formed, yet, when they are traced dowmwards, they aare 


Flf?. 112.—^Horizontal aection of a raacolar bnndle ftYim the stem of a Pnlm (OotypAajHaida). 

, I'rivhofip, or spiral vessels, e Lsafte porous t'esscla. v, Colls or utilclcs of various kinds 
susTooQding the vessels, and forming the pnreiielo’ma. f, Liitieiferous vessels. /, Fibres anolo- 
to tliu»} of liber, tliickened by concentric deposits. 

Fig. 113.—Trans\’erse section dr part of the stem of a Palm iA$(rocarpmH Murmnura). 
Centm or medullary portion in which the woody bundles tire distant and soatterod. 6, External 
^oody portion, Sirhere tlie dbres are numeroua aiut densely aggregated, so as to form a dark 
zone. L Paler circle of more slender and less comiHict fibres, wlucli may w considered us analo¬ 
gous to liber, e, Cellular eiddennal iiortion. 
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foimd^not to contmue in a parallel direction, bat to ardi oatarards, so 
as ultimately to reach tihe circumference. Hence, the newly-formed 
fibres really become external at the base, although internal above. 
On making a vertical section of an endogenous stem, gs of a Palm, 
there is ol^rved an interlacing of fibres, similar to what ^ represented 

in fig. 114, 2, where, 1^ fiiur vas¬ 
cular bimdles, a b c d, axo first 
directed towards the centre, and 
rf then curve outwards towards the 
circumference, so that those last 
formed ultimately become external. 
The term Endogenous, will, there¬ 
fore, only apply strictly to the 
fibres at the early part of their 
course. On this account, the terms 
I Endogenous and Exogenous have 

j X been recently discard^ by many 

K writers, the terms Monocotyledon- 

ous and Dicotyledonous being sub¬ 
stituted. The true distinction 
between Exogenous and Endogen¬ 
ous stems consists in this, that in 
[ ^ the former, the woody or vascular 
bimdles increase indefinitely at 
their jHiiiphery, while in the latter, 
they are arrested in their transverse 
growtli at a definite epoch. 

95. The composition of the vas¬ 
cular bundles, in different parts of 
tlicir course, varies. Thus, at tlie 
upper part, where they proceed 
from the leaves towards the centre, 
they contain spiral vessels, porous 
vessels with some cellular tissue, a 
few laticiferous vessels, and woody 
fibres resembling tliose of liber (fig. 

■ 112). As tlie bundles descend, the 
spiral vessels disappear, then the 
^ jjorous vessels, and when they have 
reached the periphery, and have become incorporated with it, nothing 
but fibrous tissue, or pleurenchyma, remains, forming by its division a 
complicated anastomosis, or net-work. Thus, at the commencement 

Fig. 114.—Figxireti to represent the arrangement of four pain of vancuiar tmndles (a o. 6 ft, r r. 
dd,) in endogenous stems. L According to the old Idea of intcnial development thronghont the 
stem. 2. According to the view of Idoitl, who has shown that the itbres interlace, and that those 
whid) are' at divt internal, become extemoi, lower down. 
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the bundles axe-large, but as they descend th^ usually become more 
and more attenuate In some instances, however, sts in Ceroaylon 
andicola-, they increase at dificrent po^ of thdr coitrse, probably by 
interstituil growth, and give rise to irregular swellings of the stem, 
'rhis distension takes place occasionally at the base of the stem, as in 
Euterpe montana. 

9C. Thexe are many herbaceous plants in this country, as Lilies, 
Grasses, &a, having endogenous stems, in which the course of the 
vascular bundles may occasionally be traced, but there are no British 
endogenous plants with permanent aerial woody stems. All the British 
trees are exogenous. IlJustrations of endogenous stems must therefore 
l>e taken from trees of foreign countries. Palms furmsh the best exam¬ 
ples. In them the stem forms a cylinder of nearly uniform diameter 
throughout The leaves are produced from a single terminal and cen¬ 
tral bud, called a Pkylhphor, or PhyUogen, (fvXMn, a leaf) and (pifu, I 
bear, or ytmia, I produce). Connected with the leaves are the vascu¬ 
lar bundles,' and the bases of the leaves remain attached to the OTtter 
part of the stem, surrounded by the mattulla or reticulum (^' 57). 
While the leaves produced by one bud decay, another bud is developed 
in the centre in a similar manner. As the definite vascular bundles 
iire produced, the stem acquires increased thickness, but it is arrested 
in its transverse diameter at a certain epoch. The bundles, although 
developed progrt«sive]y, do not multiply indefinitely; and thus a 
Palm-stem seldom becomes of great diameter. 

97. In consequence of this mode of fonnation, the outer part of a 
Palm-stem is the hardest and densest, and after acquiring a certain 
degree of solidity, it resists all further distensirac^ ana frequently be¬ 
comes so hard as to resist the blow of a hatchet. It has bben al^dy 
stated, tliat in the exogenous stem, provishjjt iS matte‘for unlimited 
extension laterally, by the development of indefinite bundles of woody 
fibres and vessels, and the formation of a sqporifok bark which can be 
thrown off; but in tlie endogenous stem there is no such provision. 
Hence, when the first-formed part of tlie stem has increased to a cer¬ 
tain amount, its progress is stopped by the hard indistensible outer 
tibrotis covering; and the same tlung t^es place with the other parts 
in succession, till at length all have acquired a comparatively uniform 
size, as is seen in the coco-nut j)ahn (fig. 115, 1). In consequence of 
the small lateral increase of Palm-stcans, a woody twining jdant does 
less injury to them than to trees of exogenous growtlu 

98. The growth of endogenous stems may be said to resemble the 
upward growth of Exogens bjr terminal buds only, for there is no cam- 
bi^ layer, and no periphencal increase. Hence, in Palms, the ter¬ 
minal shoot is developed, but there are no annu^ lings. Ihe harden¬ 
ing of the stem depends, in all probability, partly on internal changes 
in the woody fibres, similar to what takes place in the heart-wood of 
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Exogeai^ Occasionally, at the upper p^ of a palm-stem there is an 
appearance of zones, but it does not continue dirot^hout the stem. 
From the absraice of concentric circles, the age of a Palm cannot be 
estimated in the same way as an exogenous tree. The elongation, 

however, of each species of Palm 
is pretty regular, and by it an 
opinion may be formed of the 
age. The rings on the surface 
of tlie stem are.not indicative of 
yearly growth. 

99. In Palms, there is in gen¬ 
eral no provision for lateral buds, 
and . no branches are formed. 
Hence, destroying the central 
bud will kill the tree. In some 
Palms, however, as the Doom 
palm of Egypt (Cucifefa thehaka), 
the stem divides in a forked or 
dichotomous two ways?, 

and rifcva, I cut,) manner. 
Gardner, in his travels in Brazil, 
noticed a Fiilm in which the cem- 
tre bud had been destroyed, and 
two side ones had been produced, 
so as to give it a forked appear¬ 
ance. Other plants with endo¬ 
genous stems, adso produce lateral 
buds. In fig. 11.'), 2, there is 
a representation of such a stem, 
in the case of the Screw-pine, 
{Pandams odoratmimns), and examples are seen in Gi-asses, as the 
Bamboo, in Asparagus, Asphodels, and Dracecnas. In these cases, the 
stem is conical, like that of Exogens, and the destruction of the ter¬ 
minal bud is not necessarily followed by the death of the plant. The 
development of lateral buds is accompanied often by an increased 
diameter of the stem. A Dracajiia in the Canary Islands, has a hollow 
stem capable of holding several men; %nd the fiict of its living in this 
state, is marked by Jussieu as an argument against the strict endoge¬ 
nous formation; for, if the centre were the yoimgest and newest part, 
its destruction would put an end to the existence of the tree, in the 



115 


FIs- 115.~lVo endogenoiw or monocotylcdonou* trocs, belouging to two difforeirt fiuntlics. 
1. CotMM nudfeiu, or coco*nut» to the Palm family. 2. Pimtloniis otloratlsslinuH, or 

screw-pine, belonginfc to Pandaiiaccie. The itrst has a simple untiranchod 8t<nn, witli a eloster 
of leaves at the tmmmlt; the second has a branched (item, with nnmerons leafy clm^rs, and 
peculiar aerial roota proceeding;; tinm different parts of the atein. Two human fl^ea are given 
to indicate the height of the trees. 
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same way as the removal of the outer pajrt of the wood would destroy 
an exogenous stem. The branches in such plants are formed on the 
same principle as the stems; but their fibres, when reaching the stem, 
do not proceed to the centre, but extfend outside the previous layers, 
between them and the outer false bark (fig. 113 I e), and thus it 
is that they give rise to lateral increase. In Grasses, the stem 
or culm is usually hollow or fistular (fig. IIIX in consequence of 
the outer part, by its rapid increase, causing the rupture and ulti¬ 
mate disappearance of the internal cellular portion, "yhe fibres in 
some Grasses cross fi'om one side to the other, forming partitions, as 
in Bamboo. 

100. In mqny Endogenous or Monocolyledonous plants^ the stem 
remains below ^und, developing shoots which are simply as in 
Banana and Plantain, or branched, as in Asparagus. In the former, 
the stem above ground is an herbaceous shoot, composed of the 
sheaths of tlie leaves.. It dies after fruiting, and is succeeded by 
other shoots from the subterranean stem. The shoots or buds from 
such stems occasionally remain below ground in the form of bulbs, 
as in Lilies. 

101 . In some instances, the aerial stem has the usual endogenous 
structure, while the under-ground stem has the vascular bundles 
developed in the form of wedges, with cellular tissue in the centre, 
thus resembling some Exogens. The struoture has been remarked in 
the Smilax or Sarsaparilla family. Lindley calls these plants Dictyogens 
(IUtvoii, a net), from their netted leaves, a character by which they 
differ from other Endogens. llenfrey holds that the ring of woody 
fibres in Tamus and Smilax, is merely an alteration of the parenchy¬ 
matous cells of the periphery, and is not produced, as some have sup¬ 
posed, in the some way sis the zones of Dicotyledons. He considers 
tlus ring as probably analogous to the liber, sind not to the indefinite 
Vascular bundles of Exogenous stems. 

Acrogemms or Acotyledmous Stem. 

102. This stem, in its general external'aspect, resembles that of 
Endogens. It is unbranched, usually of small, nearly uniform diameter, 
and produces leaves at its summit. It is easily distinguished by its 
internal structure. Tree FemS furnish the best example of this kind of 
stem. In them it is denominated a Stipe, or a Rachis, and often attains 
the height of 120 feet (fig. 116). A transverse section of the stem 
(fig. 117) exhibits a drcle of vascular tissue composed of masses, z, I, 
of various forms and sizes, situated near the circumference; the centre, 
m, being either hollow or formed of celluhix tissue. On the outside 
of the vascular drcle, cells exist, p, covered by an epidermal layer or 
cellular integument, e, often of hard and dense consistence, formed 





ori^n^y by the bases of the leaves, which vemehi for a long time 
attached-to the stem. ' . ' 




103. The vascmlar bundles are formed 
simultanemsl^, and not progressively 
as in the stem already noticed; and 
additions are always made in an up¬ 
ward direction. The stem'then is 
formed by additions to the summit, 
and by the elongation of vessels already 
formed; hence the name Acrogenmia, 
(JUfof, summit). The leaves unite by 
their bases to form the stem, and the 
arrangement of their vessels is traced 
into it. The vascula::^ system is of 
greater -density than the rest of the 
tissue, and is usually distinguished by 
the dark colour of the pleureuchyma 
(fig. 117/), which surrounds the ;^er 
vessels in the centre (fig. 117 v v). 
The vascular bundles do not follow a 
straight course,-but unite and separate, 
leaving spaces between them, similar 
to those seen in the liber of Exogens 
(fig. 101). 



Fig. lltt,—Twe fem (AU(^ilaperrotettana), of the Eart Indies Stem or stipe is cylindrical, 
tinbrancbed, and presents at its base, r a, a conical enlargeinont, formed by a mass of adventi¬ 
tious roots. The leaves are terminal, and in tiie. young state are rolled up In a drclnate 
manner. . 

Fig. U7.—Transverse section of the stem of a Ifee fem (Cpatfuta). m, Cellular tissue, corre¬ 
sponding to pith, omipying the centra part a I, vascular circle composed of numerous irregu- 
laiiy-formed massea /, Dark-colourcKl woody or proseiichymatoos fibres, forming the borders 
ot the vascnlu massea v o, Pale-coloured vessels, thlefiy scali^Elform, occupying the centre of 
the ma ss es, a Parenchymatous or cellular external zon^ often communicating mth the central 
portion, e, Hard epidermal envelope, occupying the place of the bark. 
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104. The acrogehoxM «teri- in the young state is solid, bnt it fre¬ 
quently becomes hollow in the progress of growth, by the rupture and 
absorption of the walls of tlu’ cells in the centre. The bases of the 
leaves remain long atttched, but ultimately fall off, leaving marked 
scars which are at first close together, but often separate ^rwards 
by interstitial growth. On these scars' or cKairicea^(^atra!, a wound), 
the markings of the vessels are easily seen, arranged in the same man¬ 
ner as those of the stem witli which they are cbntinuoQS. The vascu¬ 
lar system of ferns consists chiefly of scalariform vessels (fig. 62), 
mixed with annular (fig. 57), and {wrous vessels (fig. 98 fer). There 
arc no true tracheaj with fibres which can l)e unrolled. In the stems 
of Lycopodiacea:, closed traehc® or ducts (T 34) occur; and in Equi- 
setace®, the rings of the smnular vessels are closely united. 

105. The stem of Ferns is generally of sanall diameter; it does not 
increase much laterally, after having been once formed, and it does not 
produce lateral buds. Sometimes it divides into 
two (fig. 118), by the formation of two buds at its 
growing point. Tliis, however, is an actual divi¬ 
sion of the stem itself, and differs from the branch¬ 
ing of Exogenous and Endogenous stems. In the 
Ferns of this country, the .stems usually creep 
along and under the ground, ;ind the leaves wliicli 
they produce die annually without giving origin 
to an elevated trunk. In the common Brake 
{Pteris mimlina), the arrangement of the vascular 
system may be seen by mal^g a transverse section 
of th(? luidcr-ground stem. The plant has received 
its name aquilina^ from a supposed resemblance to 
a spread eagle, presented by the vessels when thus 
cut across. 

IOC. In some Thallogens, which have been noticed as being stem¬ 
less, the thallus or frond is supported by a stalk, in which there are 
concentric circles, with divisions in the form of rays, and a sort of 
pith. These are all forms of cellular tissue, however, without any 
woody fibres.' These appearan^ are presented by some large antarc¬ 
tic sea-weeds, species of D’Urvifl^ and by some hchens, as Usnea. 

107. There are tiius three kinds of stems in the vegetable king¬ 
dom :— • 

1 .—Exogenous or Dkotyledonom, having a separable bark; distinct 
concentric circles, composed of progressive indefinite vascular bimdles, 
increasing at their periphery, the solidity diminishing firom the centre 
towards the circui^erence; pith, enclosed in a l<m^tudinal canal or 

_ 118.—Vertical section of part of the forked stem or stipe -pf Alsophlla perrotetlana. 

Ccllmr centra] iK>rtioxi. t I, t Vascular aone, consisting of woody fibres and scalariform 
vessels. The forking is caused by an actual di\ision of ttie ^pe. 
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medullary sheatlij with fdlular prolongations in the form of medullar)’ 
rays. 

2. —Endogenous or Monocotyledoiious, having no separable bark; no 
distinct concentric circles; vascular bundles progressive and definite, 
not increasing at their periphery, the solidity diminishing from the 
drcumferenoe to the centre; no.&tinct pith, no medullary sheath nor 
medullary rays, the ceHular tissue being interposed between the vas- 
'Cular bundles, ' 

3. —Aerogemus or Acotj/ledonous, having no separable bark; no con¬ 
centric circles; vascular bimdles simultaneous, forming an irregular 
circle; additions being made to the simimit; no distinct pith, no medul¬ 
lary sheath nor medullary rays; conspicuous scars left by the bases of 
the leaves. 

Formation of the different parts of Stems, and- their speekd Functions. 

108. The stem bears the leave.s and flowers, exposes them to the 
atmosphere and light, conveys fluids and air, and receives secretions. 
Stems vary much in their size, l>oth as regards height and diameter. 
Some oaks in Britain have a height of nearly 120 feet; forest trees in 
France Iiave attained to 120 and 130 feet, and in Americii even to 
150 feet; while pahns are freciuently still higher. The tnmks of 
some Baobabs in Senegal {Adnnsonia digitata), are said to be 30 feet 
in diameter. 

109. The pith, in its early state (fig. 91 p), is of a greenish colour, 
and contains much fluid, which is employed in the nourishment of 
the young plant. After serving a temporary nutritive purpose, it 
becomes dry, or disappears by rupture and absorption of the walls of 
the cells which enter into its composition. Tlie medullarg sheath (fig. 
96 e m), keeps up a connection between the central parts of the stem 
and the leaves, by means of spiral vessels, which seem to be concerned 
partly in the conveyance of iiir. The medullar!/ rags (fig. 97 r m), 
preserve a communication between the bark and the pitli. The cells 
of which they are composed, are concmied in the production of leaf 
buds, and they assist in the elaboration and conveyance of secretions. 
They have a direct connection with the catrdnum cells (fig. 97 c), or 
the cells between the wood smd bark, whose function is to aid in the 
formation of new wood. The bark (fig. 97/c, e c,p), protects the 
tender wood, conve)ts the elaborated sap downwards from the leaves, 
and is the part in which many valuable products, such as gum, tan¬ 
nin, and bitter principles, are formed and deposited. The vasadar 
bundles (fig. 97 fl,v p), convey the sap from the root to the leaves. 
This function is carried on during the life of the plant by the annular 
vessels and the porous vessels, as well as other kinds of spurious fibro- 
vasoular tissue; but in the woody fibres it ceases at a certain epoch. 
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in consequ^ce of the tubes beiuf? filled up by secondary deposits, so 
as to fbnn the perfect wood, which, gives stretch and stability to the 
stem. 

] H). Considerable differonce-s of opinion have arisen on the subject 
, of the formation of wood. All agree that it cannot be properly formed 
unless the leaves ore exjwsed to air and light, but physiologists differ 
jis to its mode ol‘ dqiosition. Some say that it is di^osited in a hori¬ 
zontal, others, in a vortical direction. There seems'to be no doubt, 
that the camhium ct-dls perlbrm an important part in the fonnation of 
wood, and that their .mtivky depends on the pro^ development of 
leaves. These formative cells, although most easuy detected in exo¬ 
genous stems, app(‘ar also to be present in the other forms of stems 
which have been described. 

111. The early physiologists made experiments on exogenous stems, 
as being most ea^y procured. Tliey espouswl the horkonUd theorj' 
of depo.sition, and disputed as to the fonnation of cambium; some 
maintaining that it wtis formed by the cells of the hark; others, fay 
th(! central celks of the .stem ; and others, by both united.- Duhamel, 
by putting silver plates between the bark and wood, and Dr. Hope, 
by detaching portions of biirk, endeavotued to show that the bark 
alone was coneemed in the formation of wood; while Decandollu 
and others were led to the conclusion, that both were concerned in 
the process of forming cambium, by means of whicli a layer of liber 
and a layer of wood was annually produced. 

112. Knight espoused what is allied the vertical theory', considering 
the -wood as develojjed in a downward direction by the leaves, and in 
this view lie is supported by Petit-lTiouars and Gaudichaud. These 
physiologists maintain that there are two vascular systems in plants, 
an a.scending and descending; the one connected with the leaf forma¬ 
tion, or the spiral ve.ssels; the other connected with the production 
of roots, or the Vfoody fibres—^the cellular tissue being more especiahy 
concerned in horizontal development. Every bud is thus, according 
to them, an embryo pkint fixed on the stem, sending leaves upwards, 
iind roots downwards. In Palms, Draccenas, and other Endogenous 
steni.s, the peculiar manner in which the woody fibres interlace (fig. 
114, 2), favours the opinion tluit they are developed like roots, by 
additions to their e.xtroinities; ,and this is also strengthened by the 
formation of adventitious or aerial roots, which burst tlirough different 
parts of the stem in Screw-pines (fig. 115,2), in the Banyan, jmd in the 
Fig tribe in general. In Vcllozias and Tree Ferns, the surface of the 
stem is often covered with thin roots, protruding at various parts, and 
becoming so incorporated with the stem as to appear to be a part of 
it. In the Tree Fern, represented in fig. IIC, the lower part of the 
stem is enlarged in a remarkable degree by these fibres, so as to give 
it a conical form. In Exogenous stems, when ligatures are put round 
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the stem, and ^en jrartions of bait are removed, a swelling takes 
place afeOTe the partf yi^ere the injrir^ has been inflicted, thus appa¬ 
rently proving mat the-hew matter is developed from above down¬ 
wards. ’ 

113. Graudichaud endeavourlt?'t» account for various anomalous 
forms of stems (figs. 105-108), ^oppsWering them as depending on 
the arrangement of the leaves, and on?^e mode in which the woody 
fibres are sent down from them. Thu^the four secondary mas.se.s 
suiToimding the central one in ihe stem ofiCalycanthus floridus, are 
traced to four vascular bundles from the leaves, penetrating the cellu¬ 
lar tissue of the bark, distinct from the central wood and from each 
other, except at the nodes, where the cross bundles unite them so as 
to form a ring round the central mass. New fibres are formed on the 
inner side of these bundles, and by degrees they assume a crescentic 
shape, while the horns of the crescent ultimately unite on the outer 
side (centrifiigally), and enclose a portion of the bark, which thus forms 
a kind of spurious excentric pith, with numerous woody layers on the* 
inside, and a smaller number on the outside. Again, in Brazilian 
Sapindacee (fig. 106), with five, seven, nine, or ten woody msisses, 
the same thing is said to occur, with this dlfiorcnce, that the pith of 
each of the masses is derived from the original medullary centre, 
portions of which are enclosed by the vascular bundles in a centripetal 
manner, or flrom without, inwards. 

114. Treviianus states that the fibrous and vascular bundles de¬ 
scending from the leaves, are destined in general to unite around a 
common centre, but that tiiey retain a certain degree of independence, 
and may be developed separately in some instances, giving rise to 
anomalous fasciculated stems. 

115. Gardner, from an examination of Brazilian Palms, adopts the 
vertical theory, and lindley also supports it. It is strongly o]>posed 
by Schleiden, Mirbel, Naudin, Henfrey, and others, who consider the 
development of the vascular bundles, as proceeding from below up¬ 
wards; in Dicotyledons, by peripherical production of woody and vas¬ 
cular tissue from cambium cells; and in Monocotyledons, by a definite 
formation of woody and vascular bundles by means of terminal buds; 
the hardening of the stem depending on the interstitial changes which 
take place afterwards in the woody fi^jres. 

116. A consideration of all the observations made on the formation 
of woody stems, leads apparently to the conclusion, that there is an 
ascending and descending axis in plants, and that each plant consists 
of one or more individuals, or phjjms {(furn, a plant), as they are 
called by Gaudichaud and others, having both axes developed; the 
Exogenous stem being formed by the original formation of two oppo¬ 
site phytons, the Endogenous by one: and that woody fibres are 
product fi»m cells, which, in Exogens, are formed annually between 
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the wood and bark, as cambium cells; and, in Endogens, are developed 
in the internal parts of the steip. Proof seems, however, still wanting 
of the direction in •wM^ the development of wood takes place in the 
former; while, in tte latter, observations seem to be in fevour of a 
vertical formation, or’ of additions of woody fibre being made in a 
downward direction, as in roots, thus following the course of the 
descending elaborated sap.* 

117. The formation of wood depends mainly on the fimctions of the 
leaves behig carried on properly, and this can only be effected by ex- 
posme to air and light. The more vigorously the plant grows, the 
better is the wood produced. Experiments m^e in me British dock¬ 
yards proved that those oaks which had formed the thickest zones, 
yielded the best timber. Barlow’s experiments at Woolwich, showed 
that a plank of quick-grown oak, bore a greater weight than a similar 
plank of slow-grotvn oak. 

118. In order tliat trees may grow well, and that timber may be 
properly formed, great care shoiild be taken in planting at proper 
•Ustances and in soil fitted for the trees. Firs ought to be planted 
from G to 8 feet apart, and hardwood trees for a permanent plantation, 
28 feet distant, the spaces being filled up with larch, spruce, or Scotch 
fir, according to soil and sittiation. llardw'ood is of no value till it has 
attained some age, while larch and spruce may be applied to iise in ten 
or twelve years; and thus judicious thinning may be practised. 
"WTien trees are set too close, their leaves are interrupted in their 
functions; many of them fall off, leaving the stems bare; the wood is 
imperfectly formed, and the roots are not sent out vigorously. When 
sucli plantations are allowed to grow without being thinned, the trees 
are drawn up without having a hold of the grmmd; and when a por¬ 
tion of them is subsequently removed, the remainder is easily blown 
over by the wind. In thick plantations, it is only on the trees next 
the outside, where the leaves and branches are freely formed, that the 
wood and roots arc properly developed. Wlien a tree is fully exposed 
to air and light on one side only, it is frequently foimd that the woody 
zones on that side are largest When trees are judiciously planted, 
there is a great saving botlk in the original outlay and in the subse¬ 
quent treatment. Pruning or tlie shortening of branches, and the 
removal of superfluous ones ought to be cautiously practised. It is 
only applicable to yomtg branches and twigs, and is bad recourse to 
cliiefiy in the case of fimit-trees when the object is to make the plants 
produce flowers and fimit. If forest trees are properly planted and 
tiiinned, little pruning is required. 


* loT ftUl details relative to the formatlow of w<kkI, see Onudiuhaud. Rechorclies sur rOrgaiu)- 
m’avnio* Ac., Paris, 1H41; Mlrtad, Annaica des Sclenech Natun'Uea, 20 tom. xx., Ac.; Kau- 
din, do., 3d Heiies, toiu. i .; HciitVcy. Annuls of Katured Hbtor}-, 2d series, voi. L 
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' BOOT OB BESOBUDHTG AXIS. 

Structure of SouU. 

119. In the young state thete is no distinction between stem and 
root, as regards structure; both being cellular, and an extension of 
each other in opposite directions. In stenilcss plants, as UntUogcns, 
the root remains in a cellular state throughout tlie life of the plants. 
The root is afterwards distinguished from the stem, by tlie want of 
a provision for the development of leaf-buds, and by increasing from 
above doumwards. Some plants, however, as the MouUm Pajony, the 
Plmn-tree, Pyrus japonica, and especiaUy Anemone japonica, liave a 
power of forming buds on their roots. The last-mentioned phtnt 
develojHjs these buds on every part of its extensively raraitying ro{>ts, 
which may be chopped into numerous pieces, citch (stpable of giving 
rise to a new plant. Tlie p.art where the stem and root unite is the 
collum or neck. In woody plants, the fibres of the stem descend into 
the roots, and there is a simitar iutenial arrangement of woody layers, 
as is seen in the stem itself. 

120. Roots are usually subterranean and colourless. E.xtemaUy, 
tliey have a cellular epidermal covering of a delicate texture, some¬ 
times called epihlema (T 47), in which no stomata exist. Their in¬ 
ternal structure consists partly of cells, .and partly of vascular bvmdles, 

in which there are no vessels with fibres 
which can be mirolled. Roots do not ex¬ 
hibit true pith, nor a medullary sheath, 
llie axis of the root gives off branches 
which divide into radicles or fibrils(fig. 119), 
the extremities of which are composed of 
loose sponge-like cellular tissue, and are 
called spongioles or sjiongclets. Over these 
a very tliiu layer of cells is extended, 
called, by Trecul, a PileorhUu {vt'Kof, a 
cup, and a root). Tliis sometimes 
becomes thickened, and separates in the 
form of a CU 2 t, as in Screw'-pines (fig. 1 lo, 
2), and in Lycopodiums. Occasiomdiy 
the extremities of roots wc enclosed in a 
sheath, or ampulla, as in Lcmna. Cellular 
]>apilla; and hairs are often seen in roots 
(fig. 77), but no true leaves. Roots do not 
grow throughout the whole length like stems, but by additions to their 

Kifc'. IIH.—Taf«ringruotof.M»lTOrotiUHUfolla, Biviiig otftiranclies and tilirilK 
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extremities, which axe constantly renewed, so that the . minute fibrils 
serve only a temporary purpose, and represent deciduous leaves. 

121. Koots, in some instances, in pl^e of being subterranean, be¬ 
come aerial. Such root.s occur in plants called Epiphytes, or air- 
plants (««■/, upon, and (()vri», a plant, from growing on other plants), 
as Orchidsiceffi; tdso in the Screw-pine (fig. 115, 2), the Banyan (Fi- 
cm indica), and many other species of Ficus, where tliey assist in 
supportmg the stem and branches, and have been called adveniitiuus or 
dknonnal. In Screw-pines, these aerial roots follow a spiral order 
of development. In Mangrove trees, they often form the entire 
.support of the stem, which Inis decayed at its lower part The name 
of adventitious has also been applied to those roots which are formed 
where portions of stems and branches, as of the Willow and Poplar, 
jire planted in moist soil. Tliey appear first as cellular projections, 
into which the fibres of tlie stem are prolonged, and by some are said 
to proceed from lenticels 03). They frequently arise from points 
where the t*pidennis has been injured. A Screw-pine in the pahn- 
liouse of the Edinburgh Botanic Garden, had one of its branches in¬ 
jured close to its union with the stem. TTiis branch was at the 
distance of several feet above the part where the aerial roots were in 
the course of formation. At the part, however, where the injury had 
been inflicted, a. root st>on appeared, which extended rapidly to the 
earth, and now the branch is fimil)’^ supported. 

122. Green-coloured aerial roots are fi^’quently met with in endo¬ 
genous })lant$. Such roots jiosscss stomata. In the Ivy, root-like 
processes are. produced from the stem, by means of which if attaches 
itself to trees, rocks, and walls. In parasites, or pliints which derive 
nouiishtnent from other plants, such Dodder {Cuscuta), roots are 
sometimes produced in the form of suckers, which enter into the ceUu- 
liw tissue of the plant prtwed upon. 

123. ^^'hen root.s have been exposed to the au- for some time, they 
occasionally assume the functions of stems, losing their fibrils, and 
developing abnormal buds, Duhamel proved this experimentolly, 
by causing the branches of a willow to take root while attached to 
the stem, and ultimately raising the natural roots into the air. 

Form of Roots. 

124. 'ITie forms of roots depend upon the mode in which the axis 
descends and branches. Wlien the central axis goes deep into the 
;;:round in a tapering manner, without dividing, a tap-root is pro¬ 
duced (fig. 119). This kind of root is sometimes shortened, and 
becomes succulent, forming the conical root of carrot, or the fusiform, 
or spindle-shaped root of radish, or the najnfbrm root of turnip; or it 
ends abruptly, thus constituting the prwmorse (prmnorsus, bitten) root 
of Scabiosa succisa; or is twisted, as in the contorted root of Bistort 



- IfJSa Wliealihe descen&g Bxifi'kT^ i^ort;, fiad at once divides 
into thin, neiniv equal fibrils, Ibe root is csdled JUbroua, 'as in man^ 
gralslKs; when the fibrils become diort and sucoident, ,the root iafasa- 
cukUed, as in Banunculus Ficaria and Asphodelus luteus (fig. 120); when 
the sucoulqnt fibrils are of unifi>rm size, and arranged like coral, the 
root is ooroZAme, as -in■ Corallorhiza innata; when some of the fibrils 
axe developed in the form of tubcrcules containing starchy matter, as 
in Orchis, the root is taJercuioj* (fig, 121); when the fibrils enlarge in 
certain parts-only, the root is nodulose, as in Spiraea Filipehdula (fig. 
p2), OT waMform, as in Pelargonium triste (fig. 123), or annulafed, as 
in Ipecacuanha. * 



126. Boat mt iUe*t]ricdaBM« or SxogeBmn PtaBis,— In these plants 
the root in its early state, or the radicle as it is then called, is a pro- 
lon^tion of the stem, and elongates directly by ^ extremity. It then 
continues to grow in a simple or branched state (fig. 119). Prom this 
mode of root development, these plants have been called ExdrUeed 
(liu, outwards, and f/^x, a root), by Pichard. In their after progress, 
these roots follow the arrangement seen in the woody part of the stem. 
In some cases, as in the Walnut and Horse-chestnut, there is a pro¬ 
longation of the pith into the root to a certain extent. 

1^7. Root of RoBBCoWtcdoBBiM OP BBdoaoBOBS PlBBt><— In these 


fig. 120.>-FB«cictilated root of Arohodelus liiteuB. 

fig. m.—Tubercular root of Orchis. Several of the radical flbitjs retain thdr eylinflrical form 
while two are tubercoles containing starchy Hotter. 

Fig^ 123.—Nodulose root of Filiptmdnla. 

Fig. 123.—SionUlform root of Polargomom triste. 



plants, the young root or mdicle pierces the.lower part.of the aids 
(fig. 124 r>. is covered inth a cellular .i^eath, c, and gives rise to 
numerous fibrils, r' r' r' r', which are similarly deveh^ed. These 
plants are therefore called by Richard, Endorhkal (lyio*, within); 
and the slieath is denomiuated Coleorkiza (koW;, a sheath). In their 
after progress, they usually retain their compound character, con¬ 
sisting of fibrils, most of which often remain unbranched (figs. 120,121). 
The &at-formed roots which surround the axis, if the plant is peren¬ 
nial/ gradually die, and others are produced in succession farther 
■from -the central axis. In Endogenous roots, the same structure is 
observed as in the stem. Thus, fig. 125 represents a section of a 



123 


Palm root, composed of cellular tissue, porous vessels, v p, scalari- 
form vessels, v «, fiVu-ous or woody tissue,^ and laticiferous vessels, A 
Roots are puslied out from various parts of the stems of many Palms, 
and ultimately appear as part of the external integument. 

128. Ko«l orAc«t) IcdOB*aa or AcrogeBoaa Plania. —In these plants, 
tlie yoluig root is a development of superficial cells from no fixed 
point, and they have been called ITelerorhizal (ertpts, diverse). In 
their subsequent progress, these roots present appearances similar to 
those’seen in the stem. They firequently appear in the form of fibres 
on the outer part of the stem, ^'ing rise, by their accumulation at the 
base, to the conical appearance represented in fig. 116 r a. 

i’lg. 124.—Grain of wheat jKcmdnatlnfr. T!ie masa of the A The yonnfr atom 

ning to shoot upwards r, Tlie principal root of axis. r' r* r*, Latcr^ roots, covered like the 
preying, with small h^rs or thmida. <r c r, Ooleorhixa or sheath, with which each of tlic roots 
la covered at its base, while picning the superlieial layer of the embryo. 

Big. 12&-~.'rra|isvei'se section of part of the root of u rnliu (Diphtheminm to show 

the mode In which the cells and vessels are on'anged. r p, l^rge poromi ressels ritiuited in the 
iiitonor. V «, Sualiiriform vesM.‘]s more extentul, and liecoiuing smaller the huther they arc from 
the centre. / B'ihrfms tissue, or elongated cells, ac4'onii»inying the vessda A Groui>s of ladei- 
ferous ve^ls of diffeixmt slzta*, the larger being inside. 

V 
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Functions of Boots. 

129. Eoots fix the plant, either in the soil or by attachment to 
other bodies. They absorb nonrishment by a process c£ imbibition 
or endosmose (T 27^ through their spongioles or cellular extremities. 
The experiment of Duhamel and SeneWer, conducted by inserting at one 
time the minute fibrils alone into fiuid, and at another, the axis of the 
root alone, showed clearly that the cellular extremities were the chief 
absorbing parts of the roots. Hence the importance, in transplanting 
large trees, of catting the roots some time before, in order that they 
may form young fibrils and spongelets, which are then easily taken 
up in an uniujured condition, ready to absorb nourishment. 

130. The dongation of the roots by their extremities, enables them 
to accommodate themselves to the soil, and allows the spongioles to 
extend deeply without being injured. Hoots in their lateral extension, 
bear usually a relation to the horizontal spreading of the branches, so 
as to fix the plant firmly, and to allow fluid nutritive substances to 
reach the spongioles more easily. It is of importance to pennit the 
roots to extend easily in all directions. By restricting or cutting the 
roots, the growth of the plant is to a certain degree prevented, although 
it is sometimes made to flower and betir fruit sooner than it would 
otherwise have done. The system of restrictive potting, formerly 
practised in green-houses, often destroyed the naturdl appearance of 
the plants. The roots filled the pots completely, and even raised the 
plants in such a way as to make the upper part of the root ajipear above 
the soil. 

131. To roots there are sometimes attached rosen'oirs of nourLsh- 
ment, in the form of tubcrcules, containing starch and gum (fig. 121), 
which are applied to the nourishment of the young plant. Ihesc are 
seen in tlie Dahlia and in terrestrial Orchids. In epiphytic Orchids, 
on the other hand, the roots are aerial, and the stems are much 
developed, forming pseudo-bulbs. Upon the roots of Spondias tuberosa 
there exist round black-coloured tubcrcules, about eight uichcs in 
diameter, consisting internally of a white cellular substance, which is 
ftdl of water. These tubercules seem to bo intended to supply water 
to the tree during the dry season. They are often dug by travellers, 
each of them yielding about a pint of^uid of excellent qinility. 

132. Roots also give off" certain excretions, which difler in different 
iq>ecies. These are g^ven off by a process of exosmosc (f 27), and 
consist both of organic and inorganic matter. They were examme<l 
by Macaire and DecandoUc, and at one time they were thought to be 
injurious to the plant, and by their accumulation to cause its deterio¬ 
ration. It was also supposed, that while they were prejudicial to the 
species of phmt which yielded them, they were not so to others, and 
that hence a rotation of crops was necessary. Daubeny and Gyde 
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liave found by experiment, that these excretions are not injurious, 
and it is now shown, that the necessity for rotation depends on the 
want of certain nutritive matters in the soil.* In very rich and fertile 
land, the same crop may be grown succestively for many years. 

XEAVES Aim THBIB APPBHDA0K8. 

Structure of Leaves. 

y 

133. Leaves are expansions of tlic bark, .developed in a symmetrical 
manner, os lateral appendages of the stem, and having a connection 
witli the internal part of the ascending axis. They appear at first as 
small projections of cellular tissue, continuous with the bark, and 
closely applied to each other. These gradually expand in various 
way.s, acquire vascuLir tissue, and ultimately assume their permanent 
form and position on the axis. Tliey may be divided into aerial and 
submerged leaves, the former being produced in the air, and tlie latter 
under water. 

134. Aerial iicavrs. —^Tlicse leaves consist of vascular tisue in the 
form of veins, ribs, or nerves, of cellular tissue or parenchyma filling up 
the intei'sticcs between the veins, and of an epidermal covering. 

135. 'llio Vaacniar Mrstrai of the leaf is continuous with that of the 
stem, those vessels which occupy the internal part of the stem becoming 
superior in the leaf, while the more external become inferior. Thus, in 
the upper part of the letif, which may re¬ 
present the woody hiyers, there are spiral 
vcssids (fig. 12() /), annular reticulated or 
porous ve.sscls, r, and woody fibres,/,* 
whilst in the lower side, which may repre¬ 
sent the bark, there are laticiferous ves¬ 
sels and fibres, r«;.scinbling those of liber,,/. 

There are usmdly two layers of fihro- 
vascular tissue in the leaf, which may In.' 
separated by maceration. They may be 
seen in what are called skeleton leaves, in 
w'hich the cellular part is removed, and 
the fibro-vasciUar left. llie. va,scular 
system of the leal’ is distributed through 
ilie cellular tissue in the form of simple 
or branching veins. 

♦ This subject Is consitterod when the sources wlience nUiuts derive tiiclr uourislinacnt 
treated o£ 

KIr i2A.*>-Bttnd1e of fibro>vnsculi\r tissue, pussliig from a bmuch, /*. into a wtiede,«. The 
veMHt'is aw first vertit'sl, then nearly hfirisLontaU hut they continue to retain their relative 

place in the »i«e of the cells at the articidation a. f 1’niohew, in wnlch 
l-hV,Cttu be unrolleil. v e, Aiiuuiat'vesseia Woody flbi^ f i Cortical tibwa or llbruti 
of liber. . ,r 





S8 


STBXJ<mmE OF LSATBS. 


186. He BpMMraHa (fig. 127 e s, e i), composed of cells more or 
less compressed, has usually a difierent structure and aspect on the two 
surfeoes of the leaf. It is chiefly on the epidermis of the lower sur- 
fece (fig. 128 et), that stomata, s s, are produced, occupying spaces 



between the veins, and it is there also that hairs usually occur. In 
these respects, the lower epidermis rest;mbles the outer btirk of 
yomg ste^ with which it may be said to correspond. The lower 
epidermis is oilen of a dull or pale-green colour, soft, and easily de¬ 
tached. The upper epidemis (figs. 127 and 128 c s) is frequently 
smooth and shining, and sometimes becomes very hard and dense. In 
leaves which float upon the surface of water, as those of the water- 
lily, the uppCT epidermis alone possesses stomata (If 5C). On removing 
a strip of epidermis, part, of the parietes of the cells below is often 
detached in the form of a green net-work (fig. 129 p p), and on 

g examination tmder the microscope, the 
stomata, s s, are seen communicating 
with colourless spaces. III, surrounded 
by green matter. 

j 137. The Pweneiirnia of the le!if is 
-p the cellukr tissue surrotmding the Ae.s- 
sels, and enclosed within the epidemis 
(fig. 127 ps, p{). It lias sometimts re¬ 
ceived the names of Diachyma (J,ri, in 
the inidst, and tissue), or Meno- 

phyllum {liini, middle, and a leaf), or Diploe (hvho'ti, a cov¬ 

ering). it is formed of two distinct series of cells, each containing 
chlorophyUe or green-coloured granules, but difiering in their form 



FIr. 127.—Tliin vertical section of the leaf of a IJiy, iURhiy macnifieii. er, Eiiidcrmis of unner 
pagino or surface. «i, Eiiiilcmiis of lower surface, ji s, Paivnchnnu of uujier portion of the Iraf 
«mpoacil of close vcrticiiUy-ijIocotl colla p f. Parenchyma of lower poinon, composed of loose 
horisontal cells, to, tnterceilular imssages. t /. Lacunae ^ 

Jig. 128^^-ainllar section of the leaf of Balsam. The letters denote the same iwrts as In fig. 


127. 11 , Stomata. 


Fig. 129.—.SWp of the lower epidermis, c «, of the leaf of Balsam, showing a net-work formed 
hy a portion of the parenchyma bdow, pp, heing dctaclied. The siiaces of the net are lacume 
III, often corresponding to stomata, is. ’ 
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nod arrangement. This may be seen on making a vertical section 
of a leaf, as in fig. 127. Below the epidermis of the upper «de of 
the leaf, there are one or two layers of oblong blunt cells, placed 
perpendicidiu'ly to the surface (fig. 127 p s), and applied so closely 
to each other as to leave only sm^ intercellular spaces (fig. 127 m), 
except when stomata happen to be present. On the under side of 
the leaf, the cells arc irregular, oibm branched, and are arranged 
more or less horizontally (fig. 127 p i), leaving cavities between them, 
11, which often conmiunicate with stomata (fig. 128 s s). On this ac¬ 
count the tissue has received the name of awerrum. The form and 
arrangement of the cells, however, depend much on the nature of the 
plant, and its exposure to light and air. Sometimes the arrangement 
of the cells on both sides of the leaf is similar, as occurs in leaves which 
have their edges presented to the sky. In very succulent plants, the 
cells form a compact mass, and those in the centre are often colour¬ 
less. In some coses the ccUular tissue is deficient at certain points, 
giving rise to distinct holes in the leaf, as in Dracontium pertustim. 

138. «MibnH»v<!4 Eieares.—Leaves which are developed under 
water differ in many points of structure from aerial leaves. They 
have no fibro-vascular system, but consist of a congeries of cells which 
sometimes become elongated and compressed so as to resemble veins. 
They have a layer of compact cells on their surface (fig. 130 p), but no 
true epidermis, and no stomata. The internal structure consists of 
cells, disposed irreguhirly, and sometimes leaving spaces which are filled 
with air for the ptupose of floating the leaf (fig. 130 /). When ex¬ 
posed to the air, these leaves easily part with their moisture, and be¬ 
come shrivelled and dry. In some instances there is only a net-work 



iif filamentoits-like cells formed, the spaces between wbicli are not 
filled with parenchyma, giving a peculiar skeleton appearance to the 
leaf, as in Hydrogoton or Ouvirandra fonestralis (fig. 131). Such a 
leaf has been called fenestrate (fenestra, a window). 


FifL 180.—Perpendicular nectitm through a sinail portimi of the subinerged loaf of Fotamogeton 
pcifoliutna p, l*aronch^a. /, l^cuiuc. 

Fi{{. 181.—Fenestrate leaf ttfOnviramii'a feno^tUia, coxn})uaod ttf^rascular tlssnc, wiUiout inter- 
veninit cellular tissue or dUcliysu. 
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leai^ in genei^ wbetber aerial or submerged, consists of a 
m.;^qri]ided portion (fig. 132 Q, o^ed tbe blade, IM, or bmimr 
ner^ud a part, and foxxo'c, a frond), of a narrower portion 

sailed (petiolus, a little foot or stalk), stxdk, OT petiolafy merithal 

(fig. 132 p), msd sometimes of a portion 
at the base of the petiole, which forms a 
dieailt or vagina (fig. 132 g), or is de¬ 
veloped in die form of ledleta, called 
stipules (fig. 191 s). The sheathing por¬ 
tion or vagina merHhal is sometimes 
incorporated with the stem, and has 
been called Tigdlary {tige, Fr., a stem 
or stalk), by Gaudichaud. 'Ihese por¬ 
tions are not always present. The 
sheathing, or stipulary jioTtion, is fre¬ 
quently awanting, and occsisionally only 
<nie ert the other two is devMopeti 
When a leaf has a distinct stalk it is called peUoUete; when it has none, 
it is sessile (sessilis, from sedeo, I sit). When sessile leaves embrace 
the stem, they are called amplexicatd {mnpleetar, I embrace, and caulis, 
a stem). The part of the leaf ne.xt the petiole or the axis is its base, 
while the opposite extremity is the itpes^. The siirlaccs of the letif are 
called the paguur {jpagina, a flat pige), and its edges or margins form 
the drcumscriptim of tlie leaf The leaf is usually horizontsii, so tJiat 
the upper pagina is directed towards the heavens, .and the lower pagina 
towai^ the earth; but in many cases leaves aw; placed vertically, as 
in some Australian Acacuts, Eucalypti, &c.; in oilier instances, as in 
Alstriimeria, the leaf becomes twisted in its course, so tliat what is 
superior at one part becomes inferior at auodier. 

140. The upper angle formed by the leaf with tiic stem is called its 
axQ (axilla, arm-pit), and every thing arising at that point is called 
axUl^. ■ It is there that leaf-buds (^ 173) are usually developed. 
The leaf is sometimes articulated with the stem, and when it falls off 
a scar or cioatricula remains; at other times it is continuous with it, 

' and then decays gradually, while still attached to the axis. In their 
earfy state all leaves are continuous with the stem, and it is only in 
thexr after-growth that aiticulations a^e formed. When leaves fall 
ofif annually, they are called deciduous; when they remain for tw^ 
more years, they are evergreen. The laminar portion of a leaf is 
occasionally articulated with the petiole, as in the Orange (fig. 185), 
and a joint at times exists between the vaghud or stipulary portion 
and the petiole. 

Fig. 132.—I/ssf of Polygonum Hydropijier, with a portion of the stem hearing It f, LInih 
lunlna, or blade. />, reticle or Icax^tuk. if, Sheatii or (imVraclng the Bteui, und ter¬ 

minated by a fringe. 
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Distribution of the V&ns, or VenaUmn, of Lea!^. 

141. The distribution of the Tcins has been called VmaUm, «^i 
times Nervation. In most leaves this can be easily traced, but i 
the case of succulent plants, us Hoya, Agave, and Mesemb^anlhemun 
the veins are obscure, and the leaves are said to be Hidden-veine 
(figs. 171, 172). In the lower tribes of plants, as sea-weeds, and i 
submerged leaves, there are no true veins, but only condensations < 
elongated cellnbir tissue, and the term Veinlm (avenia) is applier 
In an ordimuy leaf, as that of LUac or Chestnut, Aere is observed 
centTiil vein larger than tlie r<*t, called the midrib (fig. 133 »»); th: 
gives off veins laterally (^primary veins), ns ns ns, which dther end in 
curvatiue within the mar^n, as in Lilac (fig. 133), or go directly t 
the edge of the leaf, as in Oak and Chestnut (fig. 134). If th«^ are 
curved, then external veins and marginal veinlets are 
interspersed tlirough the parenchnna external to the 
curvatiue. There an? idso other veins of less extent 
{costal veins) ^ven oil' by tl»e midrib, and tli^e give 
origin to small ivinlets. In some cases, as Sycamore and 
Cinnamon, in place of there Ix'ing only a single central 
rib, there are several wliieh diverge fiom the part where 




134 


133.—of Benadonnii. p, PeUolo or leaf-stalk. nin,Mi<liib. mnam, Prlmarsc 
endiiiB In eiirs-atures at their extremities. 

rlS- 1S4.—Ixiaf of Oak, pinnatlfld or divided into lobes In a pinnate manner; feather-veined, 
the veins golnj; directly to tlie margin. 

llanMa, ahowlng midrib and primary veins nmnlng parallel and in a curved 
niwuior to th© margin. No roticuluUoii. Flant tuonoc(^icdonou8s 
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' the blade joins the petiole or stem. Thus, the primaiy veins pve off 
secondary veins, and these in their turn give off tertiary veins, and so 
on, until a complete net-work of vessels is produced. To sudi a dis¬ 
tribution of. veins, the name of Reticulat^ or Netted venation lias 
been applied. 

142. In the leaves of some plants there exists a central rib or mid¬ 
rib, with veins running nearly parallel to it from the base to the apex 
of the leaf, as in grasses (fig. 15)4) and Fan palms; or with veins com¬ 
ing off from it throughout its whole course, and running parallel to 
each odier in a straight or cum'cd directipn towards the margin of the 
leaii as in Plantain and Banana (fig. 135). In these cases the veins 
are often united by cross veinlets, which do not, however, form an 
angular net-work. These are called ParalM-mned. 

143. Leaves may thus be divided into two great classes, according 
to their venation —Reticulated or netted leaves, in which there is an 
angular net-work of vessels, as occurs generally in the leaves of exo¬ 
genous or dicotyledonotis plants; and ParaUel-veined, in which the 
veins run in a straight or curved manner from base to apex, or from 
the midrib to the mar^ of leaf, and in which, if there is a union, 
it is effected by transverse veins which do not form an angular net¬ 
work. This kind of leaf occurs commonly in endogenous or monocotyle- 
donous plants. 


144_^Tauclab ABaAKOEMENT or Venation. 

A.—Beticalated Venation. 

I. Unicostate {umis, one). A single rib or costa in the middle (midrib). 

1. Primary veins coming off at different points of the midrib. 

а. Veins ending in cnrratnres within the margin (fig. 133), and forming 

what have been called true netted leaves (Lilac). 

б, Veins going directly to the margin (fig. 134), and forming feoAer- 

veined leaves (Oak and Chestnnt). 

2. Primary veins coming off along with the midrib (fig. 143) from the base 

of the leaf. 

IL Midticoetate (multus, many). More than one rib. In such cases there 
are frequently three (tricostate'), as in fig. 162 ; or five (minquecos- 
tate'), as in fig. 158. Anthers usually give to these leaves the 
general name of costate, or ribbed. 

1. Concostate (con, together, costa, a rib). Mbs converging, running from 

base to apex in a curved manner, as in Cinnamon, Lanrus Cinna- 
momnm(fig. 158). There is occasionally an obscure rib running close 
411 to the edge of the leaf, and called intramarginal, as in the Myrtle. 

2. Discostate (die, separate). Ribs diverging or proceeding in a radiating 

manner; this is called radiating venation, and is seen in Sycamore, 
Vine, Geranium (figs. 144, 146). 

B.— Parallel Venation.—^The term parallel is not strictly applicable, for the veins 
offonproceedinar^iating manner, but itmdimcnlttoflndacompre- 
hensive term. This venation may be characterised as not retiai&itsdL 
L Veins proceeding from midrib to margin, usually with convexity towards 
the midrib, as in Musa and Canna (fig. 1S5). 
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II. Veins proceeding from base to i^x. 

. 1. Veins more or less convcrgent(flg. 173), as in l^Lilies, Gias8e8(% 194). 
2. Veins more or less divergent, as in Fan Palms. 

To this maybe added the venation common in Ferns where the veins divide 
in a forked manner. This venation has been called Furcate {/urea, a fork). 


Forms of Leaves. ■ ‘ 

145. Leaves have been divided into simple and compound. The 
former have no articulation beyond the point of their insertion on the 
stem, or consist of one piece only, whicli, however, may be variously 
divided (figs. 13C, 137,138, &c.). Tlie latter have one or more artic¬ 



ulations l>eyond the point of dieir msertion on the stem, or consist of 
one or more Icailets (J'oliula) separately attached to the petiole or leaf¬ 
stalk (fig. 141). In the earliest sUige of growth .ill leaves are simple 
and undivided, and it is only during the subsequent development 
tlijit divisions appear. The fonns which the diflereiit kind.s of simple 
aud compotmd le-aves ass\unc,,iU'e traced to the character of the 
Venation, and to the amount of parenchyma produced. ^ 

146. tumpie x^eKves.—When the parenchyma is developed symme¬ 
trically on each side of the midrib or stalk, tlic leaf is equal (fig. 149); 
if otherwise, the leaf is unequal or oblique (fig. 136), as in Begonia. If 
the margins are even and presept no divisions, the leaf is entire (in- 


Fia. of Vlrnm ItetipaUted venation; primary veins going to the margin, 

w Well is Kiiratert, Leaf unegmil at the base. 

or V^eiiana dloiciL 

Fig. 138.--Blpinnatifld leaf of Papavor Ar^mone. Fcathor-'^'clned. 





iega%, ae in figs. 149 and 160; if there are slight projections of cellular 
or^Tascular tissue beyond the margin, the leaf is not entire (fig. 136); 
whoi the projections are irregular and more or less pointed, the leaf 
is dentate or toothed (fig. 155); when they lie regularly over cacli 
other, like the teeth of a saw, the leaf is serrate (figs. 136,154); when 
they are rounded, the leaf is cretiate (fig. 159). If the divisions extend 
more deeply than the margin, the leaf receives different names accord¬ 
ing to the nature of the segments: tlius, when the divisions extend 
about half way down (figs. 134,144), it is cl^ (fosus), and its segments 



are called fi'isures (fissura, a cleft); when the divisions extend nearly 
to the base or to the midrib (fig. 170), the leaf is jHtrtite, and its 
segments are called partitions. 

147. These divisions take place in simple leaves exliibiting differ¬ 
ent kinds of venation, and thus give rise to marked forms. Thus, if 
they occur in a feather-veined leaf (fig. 137), it becomes either pin- 
natifid {pinna, a wii^ or leaflet, and ^fissus, cleft), when the segments 
extend to about the middle and are broad; or pectinate (pecten, a 
comb), when they are narrow; or 2 >innatipartite, when the divisions ex¬ 
tend nearly to the midrib. Tliese primary divisions may be again .sub¬ 
divided in a similar manner, and thus a. feather-veined leaf will become 
bipinnatifid (fig. 138), or bipinnatijiartite; aad .still fui'ther subdivisions 
give origin to tripinnatifid and ladaiated leave.s. If the divisions of a 
pinnatifid leaf are more or less triangular, and are pointed downwards 
towards the base, the extremity of tibe leaf being tmdivided and tri¬ 
angular, the leaf is runcinate {runchm, a large saw), as in the Dande¬ 
lion. When the apex consists of a large rounded lobe, and the divi¬ 
sions, which are also more or less roimded, become gradually snudlcr 
towards the base (fig. 139), as in Bwbarea, the leaf is called lyrate, 
from its resemblance to an ancient lyre.* When there is a concavity 

Flff. Lynifc leaf of Barbiires. 

FIr. 140.-~-Paiidui1fonn, aii<l*lUvaliape<Il«afof Rutnexpulchcr. 

l-lg. 141.—Compound leaf; ternate, the Icadeta being obcordatc. 

Fig. 142.—Compound leaf; quoternate, the leadets being rutundate-^neiformf or wedge- 
with rounded apices. 

ng. 143.—Two-lobed leaf, Mimewhat cordate at the base, emarginate, and xnucronate. 

144.-~Falmate loaf; t!ie dJvisicms acute and serrated at their mari^ua Iterating venu- 

\ ^ Under the term lyrate, some include compound pinnate leaves in which the several piimo: 
^ united at the apex cd* the leaf, and the others become gradually smaUer towards the base. 



FOBMB OF SntPUS t^AVSS. 


'Mo¬ 


on eitch side of a leaf, so os to make it resemble a violin, as in Rumex 
pulcher (fig. 140), it is called panduriform {xc^riw^ct, fiddle). 

148. The same kind of divisions taking place in a simple leaf 
with radiaUnp venation, gives origin to the terms hhed or chfi 

, (figs. 174, 14(;), ^en the divisions extend al»out half-way through 
the leaves: and thus they may he tfiree-lobed, five-lobal, seven- 
lobed, nKuiy-lohtd; or, tnJuL, qpimqwfid, sqttemjid, midtifid, according 
to the number at divisions. Tlie name of jMilmate, or pahmti^ 
(fig. 144), is- applied to leaves with radiating venation, in which 
there ar«! several fissures imited by a broad expansion of parenchyma, 
like the palm of the hand, as in Passion-flower and Rheum pulma- 
tum; while digitate {digitug, a finger), or digitipartite, includes leaves 
in wiiich there are deejxT partitions, five in number, like the fingers, 
{« in Janipha; and dmected. applies to leaves witli radiating venation, 
having nmnerou.s narrow divisions, as in Geranium dissectura. When 
in a nidiating leaf there aiu three primaiy partitions and two lateral 
ones si>rcading and forming divisions on their inner margin only, as 
in Helleborus (fig. 170), the leaf is called pedtde or pedatijid (pes, a 
toot), trom a fancied resemblance to the claw of a bird. 

149. In all the instances already alluded to, the leaves have been 

considered as flat expansions in which die rihs or veins spread out on 
the same planes with the stalk. In some cases, however, the veins 
spread at right angles to the stalk. If they do so equally on all sides, 
and are united by parenchyma, so that the stalk occupies the centre 
(fig. 14,j), the leaf becomes (orftis, a circle), asin Hydrocotyle; 

if unequally, so tliat the stalk is not in the cenl^ the leaf is peltede 
Qielta, a buckler), :is in the 
Castor oU plant (fig. 140), 

The edges or margins of or¬ 
bicular and peltate leaves 
sire often variously divided. 

lf)0. It is impossible to 
notice all the forms of 
leaves W'ithout e.xceeding 
due limits. The following 
are enumerated as the 
most important. When 
the veins do not spread 
ont, but run from the Itase 
to (he apex with a naiTow 
strip of parenchyma, the leaf is littear or adcular (fig. 147), as in 



OrWcnlBi" lest of Bj-Srocotyte vulgaris. Ksdiatiog venation, p. Petiole. I I.a- 

14fl.—Pdtate leaf of Rieiima cominnnls, or Castor oil iflanL RaiUating venation, p, Petiole 
or loafnitalk. t. Lamina or blade. 

Pig. 147.—Linear, or ocicular leaf of Kir. 
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Pihes and Firs. When the veins diverge, those in the midi 
being longest, and theleaf tapering at each end (fig. 166), it becoit 
lamctokUe (Imcea, a spestr). £f the middle veins only exceed the oth« 
slightly, and the ends are convex, the leaf is either rownded (rotu 
datus), as in fig. 164, dUpUocd (fig. 162), oval (fig. 149), or oblong (£ 
150). If the veins at the base are longest, the leaf is ovale or eg 
shaped, as in Chick-weed (fig. 152), and if those at the apex a 
longest, the leaf is ohovate, oi inversely egg-shaped. Leaves oi’c cunei 
{eumtm, a wedge) or wedge-shaped, in Saxifraga (fig. 155); spatlmla' 
or spiitiila-like, having a broad rounded apex, and tapering down ' 
the stalk in the Daisy (fig. 148); subulate (fig. 167), 
or narrow and tapering like an awl {mbula)\ acu¬ 
minate, or dratvn out into a long point, as in Ficus 
religiosa (fig. 159), mmronate, with a hard stiff point 
or mucro at the apex (figs. 160 and 143). When the 
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parenchy^ is deficient at the apex so as to form two roimded lobes, 
the leaf is obcordate or inversely heart-shaped; when the deficiency 
is very slight, the leaf is called emarginate (fig. 143) as liaving a por¬ 
tion t^en out of the margin; when the apex is merely flattened or 



fib. 14a.—SpntlnanteleiifofnaiRy. PlB. 14t.~Ovaneol Hg. tW.—Oblonc leaf 

Mg. ISL—retlolated, re«<mlatotl, somewhat ohlong lent; truncate at fee hiwe. 

ng.lM.-Conlate pointed leaf. 

FIk. 184.—Ovato-lane^atc leaf, L f, lanceolate In its general contoar, but orate at the base 
doubly serrated, or haying large and small serratures alternately at the margin 
and L^eitrtoStrleaf ofSaxlftoge, ending in an abrupt or truncate manner, 

si&S7t»‘'th’^to‘tW»^^ - the opposite 

Fig. 157.—Retuse leaf, i t. slightly depressed at the apoi. Margin sJlghtlv waved. 

Fig. 15a—Ovate, flve-rlbbed leat = o , 

sin^oiia®*'"'^™'^®^ '“f of Ficus religiosa, with the margin crenate or slightly 

Fi 7 160.—SulMivate, retuse, mucronate leaf 
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slightlj depressed (6g, 167), tlie leaf is retuse (retMsus, blmt); and 
when the apex ends frfjruptly in a ^ight Jn^gin, as in the Tulip 
tree (fig. 163), the Iffiif is 
truncate. When the vena-' 
tion is prolonged down- 
wanls at an. obtuse angle 
with the midrib, and round¬ 
ed globes are Ibrmed, as in 
Dog-violet, the leaf is cor- 
dittc or heart-shaped (fig. 

153), or kidney-shaped (remform) when the apex is rounded (fig. 
161), as in Asarum. Wien thoi lobes are prolonged downwards 
and acute (fig. 165), the leaf is sagittate (sagitta, an arrow); when 
they proceed at right angles, as in Rumex Acetosella, the leaf is hastate 
(hasta, a hallxirt) or halbert-shaped. When a simple leaf is divided 
at the base into two leaf-like appendages (fig. 169), it is called mricu- 
late [auricula, the ear). When the veins spread out in various planes, 
and there is a large development of cellular tissue, so as to produce a 
succulent leaf, such forms oocur as conical, prisniatical, ensifonu or 
sword-like [emk, a sword), acinaciform [acinaces, a scimitar) or scimitar¬ 
shaped (fig. 172), and (lulabrijorin (dulahra, an axe) or axe-shaped 
(fig. 171). Wnicu the development of cells is such tliat they more tlian 
till up the si)aces between the veins, the margins become wavy, crisp. 



or umMateil, as in Rumex crispus and Rheum undulatum (fig. 174). 
lly cultivation the cellular tissue is often much increased, giving rise 
to the curled leaves of Greens, Savoys, Cresses, Lettuce, &c. 

1.51. Coraponad i,f»res are those in which the divisions extend to 


H(f. Jfiif.- 
Flg. 1(13.- 
FiS. I(i4.- 
Fig. 1(!S..- 
Fig. l(l«... 
FIk. 14[7.. 
Fi(f. KiS... 
Fig. KB).- 


liST *1'™' 'C'lncj'-shoi'KMl entire leaf nf .\sannn. niuliaUiig venation. 

-ftHipticiiI ami sonx'whut huicuohitc leaf; tlm't'-rtWitMl. 

-Ihree-lobiMl, tniiiwitc, f)r ntirupt leaf of Llriodendron tulljilfem 
-KunndcHl enfirt* leaf, eiullnff in a rtiort point 
or Hirtiw-shttped leaf of Sutfittaiia. 

-l^ticeolHU*, neiito leaf, witli nduute or dentations at the maiviiL 
Subulate #t awi-aiinned leaf. 

Wuirl or v<*rti('|i of linear-^iliovate Jciivos. 

-Auriculatc lanceolate lt»f, oblique at the base, with minute teotliluj^ at the margin. 
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th« Biidrib, or petiole (fig. 175), and receive the name of foliula or 
kqfieta The midrib, or petiole, has thus the appearance of a branch 



one lea^ because in its earliest state it arises fiom the axis as a single 
piece, and its subsequent dmsions in the form of leaflets are all in 
one plane. Wlien a compound leaf dies, it usuiilly sep-arates as one 
piece. The leaflets are either sessile (fig. 17G), or have stalks, called 



petioliiles (fig. 175), according as the vascular bundles of the veins 
spread out or divaricate at once, or remain united for a certain length. 

Fig. 170.—Pcfdate or podatiDd leaf <tf ITellelxirR Radiating venation. 

Fig. 171.—Dolabriform or axe-siiuped fiettliy Hoeeiilent leaf. Hiddcii-vcinod. 

Fig. 172.<—Acinaciform or BCimit»r>8lui]M»l suocalent leaf IIiddon>vclned. 

Fig. 170.—Oval laif witli converging veins; not reticulated. 

Fig. 174.—Paimately-lobed leaf, i^sp or undulated at the margin. Radiating venation. 

Fig. 170.—Leaf of KubiniH paeudo^'acla, often callcHl Acacia. 'I'hc leaf ia iinjMui^pinnate, r.r 
alternately pinnate. Tiie ptnme are auiiiKirtcd on atalka or putioJulua. /j, Petiole or Icat-stalk. 
1^ Lamina or blade divided Into Mepanite Jttufleta or piniue. 

Fig. 170.—SqYtcuate leaf of vCaculuti Illp]H)ctuitanuui or Hoiih! Chestnut, p, Petiole. 2, Lamina, 
divided into seven separate lealleta 
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152. Compound leaves have been classified according to the nature 
of the venation, and the development of parenchyma. In a feather- 
veined leaf, if the divisions extend to the midrib, and each of the 
primary veins spreads out or branches so as to become covered -with 
parenchyma, and thus form separate leaflets, which arc usually articu¬ 
lated to the petiole or midrib (fig. 177), the leaf is ^hnote {pinna, a 
wing or feather). If the midrib and primary vems ate not covered 
with parenchyma, while the secondari/ (or those coming off in a feather- 
like manner fi-om the primary vein.«) are, and separate leaflets are 
thus formed which are usually articulated with the veins, the leaf is 
bipinnate (fig. 178). In this case the secondary veins form as it were 
partial petioles. A farther sub-division, in which the tertiary veins 
only OTC covered with parenchyma and have separate leaflets, gives tri- 
jmnate or decmipmnd, in which case, the tertiary veins form the partid 
petioles; and a leaf divided still more is called supradeconipound (fig. 
179). 

153. Wlien a pinnate leaf has one* pair of leaflets, it is w^ugate 



{miiin, one, and jufftim, a yoke^ when it has two pairs, it is htpigate; 
many pjms, mvitijugate (fig. 176). When a pinnate lejif ends in a 
piiir of pmniB (fig. 177), it is eguaUif or ahrvptly pinnate (pari-pinnate); 
wlu-.n there is a suigle terminal leaflet (fig. 175), the leaf is unequally 
2 iinnate (impari-pinnatc); when the leaflets or pinna; are placed alter¬ 
nately on either side of the midrib, and not directly opposite to each 

with six iMilni of jiinim' isfj-jumU). 

K*’ ltS.--aipSnnttt« loaf, witli iteiwilii follola or Iciiflota 

rig. 17#.—IWrt of tUo HuprattccoinjKiand k-uf of Lasorpltinin hirsutun 
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other, the leaf is <iltamately pinnate (fig. 175); and when the pinnas 
are of different sizes, the lerf is int&ruptedly pinnate (fig. 180). 

154. In the case of a leaf with radiating venation, if the ribs are 
separately covered with parenchyma, and e^ leaflet is articnkted to 
the petiole, the leaf becomes ternate (figs. 141, 181) if there are three 
divisions; qu(aemate, if four (fig. 142); qtmate, if five; septenate, if 
seven (fig. 176), and so on.* K the three ribs of a ternate leaf sub¬ 
divide each into three prim.ary veins, wliich become covered witli 
parenchyma so as to be separate articulated leaflets, the leaf is bilemate; 
and if another three-fold division takes place, it is trUermte (fig. 182). 



or blade of the leaf to thh stem (figs. 132 and 175p). It consists of one 
or more bundles of vascular tissue, with a varying amount of paren¬ 
chyma. Tlie vessels are, spiral-vessels connected with the medullary 
sheath in Exogens and with the fibro-vascular bundles in Endogens, 
porous vessels and other forms of fibro-vascular tissue, woody tiasue, 
and laticiferous vessels. These vessels are enclosed in an epider¬ 
mal covering, with few stomata, and are more or less compressed. 
When the vascular 'bundles reach die base of the lamina, they separate 
and spread out in various 'ways, as already described under venation. 
A large vascular bundle is continued through the lamina to form the 
midrib (fig. 133, nm), and sometimes several large bundles form 
separate ribs (figs. 146, 162), whilst the ramifications of the smaller 
bundles constitute the veins. 

156. At the place where the petiole joins the stem, there is fre- 

* Some apply the term digitate to radiating componnd leaves wltti tlve or seven leaflets. 

Fig. 180.~lmparl'axid alternately pinnate leaf. Leaflets or piiuiui setHiUe, aiul serrated at the 

181.—Ternate leaf of Stmwheny'. Margin of leaflets, toothed or dentate Petiole witli 
opctlng hairs. I, I^amlna dividod Into three leaflets. 

^g. 182.—I'ritcmate leat Leaflets cordate. 



qucntly an articulation or a constriction witii a tcnd^c^ to disunion, 
and at the same time there exists a swelling (fig. 203jpX called/^rmus 
(pulvimts, a cushion), formed by .a tnass of cellular tsKue. At othCT 
times the petiole is not articulated, but is eith^ continuous with the 
stem, or forms a sheath around it. At the point where the petiole 
’ is imited to the lamina, or where the midrib joins the leaflets of a 
comix)und Ica^ there is occasionally a cellular dilfdation ca&d struma 
{stnana, a swelling), with an artictuation. this ariicaiation or joint is 
by many considered as indicating a compound Icafj and. hence the leaf of 
the orange is considered as such, although it consists of one undivided 
lamina (fig. 185). In articulated leaves, tlie pulvinus may be attached 
either to the petiole or to ^c axis, and may^ with the lea^ or remain 
attached to the stem When articidated leaves drop, tiieir place is marked 
by a cicatrix or scar, seen below the bud in fig. 203. In this scar, the re¬ 
mains of the vascular bundles, c, are seen; and itsibrm fxmiishes charac¬ 
ters by which particular kinds of trees may be known when not in leaf. 

157. The petiole varies in length, beingusuallyshortertlian the lamina, 
but sometimes much longer. Ip some palms it is fifteen or twenty 
i'eet long, and is so firm as to be used for poles or walking-sticks. 
In general, the petiolp is more or less romided in its form, the upper 
surface being flattened or grooved. Sometimes it is compressed later- 
idly, as in the Aspen, and to this peculiarity tire trembling of the leaves 
of this tree is attributed. In aquiUic plants, the leaf-stalk is sometimes 
dLstendod with air 
(fig. 183 p\ as in 
Pontederia and Tr.a- 
pa, so as to float 
the leaf. At other 
times it is winged, 
or has a leaf-like ap¬ 
pearance, as in the 

t 


piicher plant' (fig. 184 p), orange (fig. 185 p), lemon, and Dionsea 

Fig. Isa—Leaf vrtth a qaadrangular toutbeS lainlnH ot blade, 2, and an inflated petiole,», con- 
tuinlnc nir celK r 

Fig. lSI.--Asddlmn or pitcher of IJopontliea p. Winged petiole which iiecomes narrowed, and 
uuni expands so aa to form tUo pitcher by being folded on itself, e, The operculum or lid, formed 
by the lilailo of the leaf, and ameulatcil to the pitcher. 

mg IKS.—Leaf of Orange, which aorae call compound. », Dilated or winged petiole, united by 
an articulation to the hlade. In sneh a leaf, if the Teasels of the petiole a’cre devcluti^ in a cir¬ 
cular manner, so as to form a pitcher, tho lamina or blade would form the Jointed lia. 
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166 p). 1b some AsstailiBB Acacias, and in some specif of 
Oxalis, Bupleurum, &c., the pefiol^ Is flatidned in a vertic^ direc¬ 
tion, ^e vascular bundles separating immediately after quitting the 



stem, and running nil|rly parallel from base to apex. __This kind 
of petiole (fig. 188 pj, has been called PhpUodium a leaf 

and iiiof, form). In these plants the lamituB or blades of the leaves 
are pinnate, bipinnate, or temate, and are produced at the extre¬ 
mities of the phyllodia in a horizontal direction (fig. 188 /); but in 
many instances Aey are not developed, and the phyllodiiuu serves 
the purpose of a lesdl Hence, some Acacias are called leafless. These 
phyUod^a, by their vertical position, and thdr peculiar form, pve a 
remarkable aspect to vegetation. ■ On the same Acacia, there occur 
leaves with the petiole and lamina perfect; others having the petiole 
slightly broadened or wingei^ and tlfe lamina imperfectly developed; 
and others in which there is no lamina, and the petiole becomes large 


FIa 186.»I.eaf of Dionara muscipolft, or Veniui' Fly-trap, I>iltttod or winged imtlolc. 
6, Jested blade, the two flingod lialve» of which fold on each other, when certain halm on the 
iwper Barfhce ore touched. 

lag. 187.—^Aschiimn, or Pitcher of Sairaeenia, formed by the petiole of the leaf. Hie lid is not 
articulated to the pitcher an in Nepenthes (8g. 184). 

Fig. 188.—Leaf of Acacia heteropbylla. h, i^UmUam or enlai^^ petiole, witli straight 
if Y^qatioQ. t A Lamina or blade which is blpmnate. The blade ie hr^umitly awanting, and tlie 
^ phyllodfum is the only put product 




ermt;cTp3BB Asi) tobus of stepcusb. 6S 

and broad. Some petioles, in place of ending In a lamina, form a 
tendril or cirrkus (f 201), so as to enable tbe plsnt to climb. 

Stipulen. 

158. At tbe place where &e petiole joins the axis, a sheath 
{rftginn) is sometimes produced, which embraces tlKs whole or part of 
the circiunfcrencc of the stem (fig. 132 ^). Tliis sheath is formed by 
the divergence of the vascular btmdles which separate so as to form a 
hollow cavity towai-ds the stem. The sheath is occasionally developed 
to such a degree as to give a character to jjhe plants. ITius, in the 
lihubarb tribe,'it is large and membranotM( Ijm received the name 
of ochrea or boot (fig. 132 <;); while in it foims a kind of net¬ 
work, to which the name of reticulum has been given (^ hi ); and in 
umbellifcroas plants, it constitutes the periehdhm (vepi, around, and 

a brimch). In place of a sheath, leaves arc occasionally pro¬ 
duced at the base of the. petiole (fig. 189 s #),- 
which liave been denominated stiptUes {et^la, 

■Straw or husk). The.se stipules are often two 
in numljcr, and they are important as sup¬ 
plying characters in certain natural orders. 

'fhus they occur in the Pea and Bean family, 
in Rosaceous plants, and the Cinchona Iwirk 
family. Ihey are rarely met with in Endo- 
gens, or in Exogens with slicathiiig petioles, 
and they ai'c not common in Exogens with 
opposite leaves. Plants having stipules, are stipulate; those Ivaving 
none, are exstipukite. 

159. Stipules are formed by some of the vascular btmdles diverg¬ 
ing as they leave the stem, and becoming covered with parenchyma, 
so as to n^semble true leaves. Like leatfes they are large or 
small, entu'c or divided, deciduous or persistent, articulated or non- 
articulated. Their lateral position at the base of the petiole, distin¬ 
guishes them from true loaves. In the Pansy, the true leaves are 
stalked and erenate, while the stipules arc large, sessUe, and pinnatifid. 
In Lathyms aphacst, and some other plants, the true pinnate leaves 
are aluuiive, the petiole tbrni!^ a tendril, and the stipules alone arc 
dev' loped, performing the office of leaves. 

! 60. When stipules are attached separately to the stem at the base 
Ilf the leaf, they are called ,eaw/wairy. Tlius, in fig. 189, r is a branch 
of Salix aurit^ with a leaf, f, having a bud, b, in its a^, and two 
cauhnary stipules, s s. When stipulate leaves are opposite to each 

Portion of n lirandi^ f\ of Sails aurita, bearing a single petiftote leali/, which has 
been cat across. » a. Stipules. 6, Jlud In tlie axil of the leaf 
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otiber at the sama^^ht on the stem, it occaaonally happens tiiat the 
stipules at either side unite wholly or partially, so as to form an iriter- 
petiolary or inierfoliar (tnim, between) stipule, as in Cinchona (fig. 

. 190 s). In the case of alternate leaves, the stipules at the base of 
each leaf are sometimes united to t^ petiole and to each other, so as 
to form an adnate, adherent, or petiolaiy stipule, as in the Rose (fig. 
191 s), or an axillary stipule, as in Houttuynia cordata (fig. 192 s). 





In other instances, the stipules unite together on the side of the stem 
opposite the leaf, and become synochreate (ituii, together), as in Astragalus 
(fig. 193 s). The imion or adhesiod of stipules is not an accident^ 


Fig. 190.—Branch, r, and two leaves, //, of Ccphalanthns occidontalia. Intcrpetiolary or 
Interfoliu' stip^c, formed by tbe partial union of two. 

Fig. 191.—Portion ctfa branch, r, of Rosa eanlna, or dog-rose, bearing a tdngle leaf;/, with its 
petite, p. its petiolary or adnate stipules, x, its axillary bud, h, and its aetdei or piickles, a. 

193.—Portion of a branch, r, of Houtraynia corduto, with a leal;/, and an axillary stipule, 
s, formed hy the union of two. 

Fig. 493.—Branch, r, and portion of the leaf, / of Astragalus Onohiyehits with a synochreate 
stlpmcv fonoed by ^e union of two stipules on the opitoslte side of the braacli from that to which 
the l^ia attached. The loaf is pinnae, and in toe figure three pairs of leaflets or pinn® are 
left 
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occurrence takii^ jdaoe after they have been developed; but is in¬ 
timately connected with t^e genertd law, in accordance with which the 
parts of the plants are formed. 

161. Stipules are sometimes large, envelop- i; f 

, ing the leaves iiv the young state, and falli^ 
off in the progress of growth, as in Ficus, 

Magnolia, and Potamogeton; at other times 
they are so minute as to be scarcely distin¬ 
guishable without the aid of a lens, and so 
fogaceous as t» be visible only in the very 
young state of the leaf. ■ In grasses, the sheath 
«)r sheathing petiole (fig. IQiffv) has a prolon¬ 
gation or folding of the epidennis * at its upper 
part, distindt from the leaf, to which the name of 
ligvle (liguJa, a small slip) has been (%• 

11)4 ff /). ^me consider h as equivalent to a 
stipidc. It is eithfT long or short, acute or 
blunt, entire or divided, and thus give*- rise to 
various characters. At the base of leaf¬ 
lets or foliola of a compound leaf, small stipules 
are occasionally produced, to which some have 
given the name of s^ek. 



Anomalous Forms of Leaves and Petioles. 

162. Variations in tlie structure and forms of leaves and leaf¬ 
stalks are produced by the increased development Of cellular tissue, by 
the abortion or degeneration of parts, by the multiplication or repeti¬ 
tion of parts, and % adhesion. When cellular tissue is developed to 
a great extent, leaves become succulent, and occasionally assume a 
crisp or curled appearance. Such clianges take place naturally, but 
they are often increased by the art of tlie gardener; and the object of 
many horticultural operations is to incresise the bulk and succnleuce of 
leaves. It is in this way that Cabbages and Greens are rendered more 
delicate .and nutritious. 

163. In some plants true leaves are not produced, their place being 
occupied by dilated petioles or phyllodia (T 157), or by stipules 
(T 159). In other instances scales are formed instead of leaves, as in 
OVoanche, Lathnca, and young Asparagus (fig. 110 1). Divisions 
take place in leaves when there is a multiplication of their parts; 
and a uiiion of two or more leaves, or of parts of leaves, occurs in many 


* See DedttpUcatian, under tlie head of Corolla. 

Flff. 194—'PfMrHon of a leaf of Phalaris arundiuacea, one of tlie crassua /, Laminar merithal 
or blade of the leuf, with straight parallel venation, y v* Vagintil, <n* sheutliing portion repre> 
senting the peiltdc, ending in a inembrapous process or ll^e, g 1. 
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cases. When two lobes at the base of a leaf are prolonged b^ond 
the stem and unite (fig. 156), the leaf is perfoliate {per, through, and 
foUmn, leaf), the stem appealing to pass through it^ as in Bupleurum 
aerfoliatum, and Chlora perfoliata; when two leaves unite by their 
bases they became connate (con, together, and natus, bom), as in 
Lonicera Caprifolkun; and when leaves adhere to the stem, forming 
a sort of winged or leafy appendage, th^ are decwrrent (deeurro, to 
run down or Song), as in TMstleai*. 

164. The vascular bimdles and cellular tissue are sometimes devel¬ 
oped in such a way as to form a cirde, with a hollow inr the centre, and 
thus give rise to what are called fstular (fistula, a pipe) or hollow leaves, 
and to ascidia (etaxliior, a small bag) or pitchers. Hollow leaves are 
well seen in the Onion. Pitchers are formed either by petioles or by 
laminffi, and they are composed of one or more leaves. In some Con- 
vallarias, two leaves unite to form a cavity. In Sarracenia (fig. 187) 
and Heliamphora, the pitcher is composed apparently of the petiole of 
the leaf. In Nephentes (fig. 184), and pcrhaj)s in Cephalotus, while 
the folding of a winged petw^/i, forms the pitcher, a, the lid, e, which 
is united by on articulation, dolcresponds to the lamina. This kind of 
ascidium is called calyptnmor^ms (xMXi^r^a, a covering, and 
form), and may be considered as formed by a leaf such as that of the 
Orange (fig. 185); the lamina, e, being articulated to the petiole,/?, 
which, when folded, fonns the pitcher. In Disdiidia llalBesiana, a 
climbing plant of India, the pitchers, according to Griffith, are formed 
by the lamina of the leaf, and have an open orifice into which the 
rootlets at the upper part of the plant enter. These pitchers would 
seem therefore to contain a supply of fluid for the nourishment of the 
upper branches of the plant. In Utrioularia, the leaves form sacs 
called ampvlke. 

Structure and Form of Leaves in the Great Itwishns of the Vegetable 

Kingdom. 

165. Bxvaenom mt Dlevtyledmion Bcavea. —In ExogenS, the vena¬ 
tion is reticulated, the veins coming ofP at acute angles and forming 
an angular network of vessels (1^. 136), and the trachese communi¬ 
cating with the medullary sheath. Thgy are frequently articulated, ex¬ 
hibit divisions at their margin, and become tauly compound. There 
are no doubt instances in which the veins proceed in a paralld man¬ 
ner, but this will be found to occur chiefly in cases where the petiole 
may be considered as occupying (he place of the leaf. Examples of 
this kind are seen in Acadas (fig. 188), as well as in lianunculus 
gramineus, and Lingua. 

' 166. Badasenoas or UXoiiocatTiMimiaas lieavcM. —^In Endogens, the 
leaves do not present an angular network of vessels, nor do they ex- 
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hibit divisions on their margin. Their venation is generally parallel, 
and their margin entire (figs. 185,1F4). Ticeptions to this rule 
occur in some plants, as Tamus and Dioscorea, which have been called 
Dictyogens by Ldndley, on account of thdr somewhat netted venation; 
and in Pahns, in which although the leaves are entire at first, they 
afterwards be<x>me split into various lobes. Endogenous leaves are 
rarely stipulate, unless the ligulenf grasses be considered as being a 
stipule. Their leaves are oii^ continuous with the stem 

(forming a furious stem in Bananas), and do not fell off by an artic¬ 
ulation. Wben there is only a slight divergence of their veins, th^ 
may be looked upon more as enlarged and flattened petioles than as 
true laminss. This remark is illustrated by the leaves of l^pha and 
Iris. In some Endogens, as in Sagittaria sagittifolia, the submerged 
and floating leaves are narrow, like petioles, while those growing erect 
above the water expand and assume an arrow-like shape (fig. 165). 

167. Acragenom ar Ae«tried«Bon Lmreib—^In Acrogens, the leaves 
vary much; being entire or divided, petiolated or sessile, often feather- 
veined, occasionally with radiating venation, the extremities of the 
veins being forked. The fibro-vascular bundles of the leaves resemble 
those of the stem both in structure and arrangement. In Thallogens, 
the leaves when present have no vascular venation. In many of 
tliem, as lichens. Fungi, and Algsc, there arc no true leaves. 


Phi/llotacis, or the Arrangement of the Leaves on the Axis. 

168. Leaves occupy various positions on the stem and branches, 
and have reemved different names according to their situation. Thus, 
leaves arising from the crown of the root, as in the Primrose, are 
called radical; those on the stem arc cauUne; on the branches, ramal; 
on flower-stalks, floral leaves. The first leaves developed are deno¬ 
minated seminal (semen, a seed), or cotyledons (leon/AuSdn, a name given 
to a plant); and those which succeed are primordial (primus, first, 
and ordo, rank). 

169. The arrangement of the leaves on the axis and its appendages 
is called phrfllataxis (<piKKi>», a leaf, and raia, order). In their 
arrangement, leaves follow a definite order. It has been stated 
already (T 67) that there are regular nodes or points on the stem 
(fig. 195 n) at which leaves appear, and that the part of the stem 
between the nodes is tire intemode or merithal (fig. 195 m). Each 
node is capable oS giving origin to a leaf Occasionally several nodes 
are approximated so as to form as it were one, and then several leaves ■ 
may be produced at the same height on the stem. When two leaves 
are thus produced, one on each side of the stem or axis, and at the 
same level, they are called opposite (fig. 196); when more than two 
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«e produced (figs. 168, 197), are vaiicillate (verto, I turn), and 
onde o£ leaxm is tKen called a verticU or whorl. When leaves are 



opposite, the pairs whidi are next each other, but separated by an in- 
temode, often cross at right angles (fig. 196 a b), or decussate (decum>, I 
cut crosswise), following thus a law of alter¬ 
nation. The same occurs in verticils, the 
leaves of each whorl being alternate with 
those of the whorl next to it; or, in other 
words, each leaf in a whorl occripying tlie 
space between two leaves of the W'horl next 
to it. ' There are considerable irregularities, 
however, in this respect, and the number 
of leaves in different whorls is not always 
uniform, as may be seen in Lysimacma 
vulgaris. 

170. Wlien a single leaf is produced at a 
node, and the nodes are separated so that 
each leaf occurs at a different height on the 
stem, the leaves are altcmaie (fig. 198). 
The relative position of alternate leaves 
varies in different plants, although it is 
tolerably imiform in each species. In fig. 195, leaf 1 arises fi-om a 

Fig. l9B.—ToTUon of a branch of a Lime tree, with four leaves arranged In a distichous manner, 
or in two rows, a, The branch with the leaves numbered in thdr order, n being the node, and 
m the Intemode or merithal 6, Is a magnified representation of the branch, showing tlie 
dcatrices of the leaves and their spiral arrangement, which is expressi^ by or one tuni of 
the spiral and two leaves. 

Fig. 190.—Opposite, decussate leaves of Flmelea dcciissata. a, A pair of opposite leaves, by 
Ano&er pair placed at right anglea 

Fig. 197.—Leaves of Lyalma(£la vnlmrU, in veiUcUs or whorls of three. The leaves of eadi 
▼ertidl alternate with those of the vemclls next it In this plant the number of the leaves in a 
verticU often varies. 
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node, n; leaf 2 is separated by an internode or meritlial, m, and is 
placed to tlie right or left; while leaf 3 is situated directly above 
leaf 1. The arrangement in this case is dhtieltom tvdce, and 
or/xof, order), or the leaves are arranged in two rows. In fig. 199, on 
the other hand, the fourth leaf is tliat directly above the first, and the 
arrangement is tii^tichous (rgtif, three, and sr/xof, oilier). The same 
arrangement continues throughout the stems, so that in fig. 199 die 
7th leaf is above the 4th, die 10th % 
above the 7di ;,,also the 5th above 
the 2nd, the 6di abov'e the 3rd, 
and so on. There is thus tlirough- 
oiit a tendency to a spiral arrange¬ 
ment, the number of leaves in the 
spire or spiral cycle, and die num¬ 
ber of turns vaiying in different 
plants. In plants whose leaves 
ai’c close to each other, the spiral 
tendency is easily seen. In the 
Screw pine (Pandanus odoratis- 
•simus), in the Pine-apple family, 
and in some Palms, as Coiypha 
cerifera,' die screw-like arrange¬ 
ment of the leaves is obvious. This 
mode of development prevails in all 
parts of plants, and may be con- 
.sidered as depending on their man¬ 
ner of growth in an upwanl and at 
the same time in a lateral direction. Alternation is looked upon as 
the normal arrangiauent of all parts of plsmts. 

171. In a regularly-formed straight branch covered with leaves, if 
a thwjad is passed from one to die other, turning always in the same 
direction, a spiral is described, and a certain number of leaves and of 
complete turns occur before reaching the leaf directly above that from 
which die enumeration commenced. This arrangement has been 
reduced to mathematical precision,* and Braim has expressed it 
by a fraction, die numerator of which indicates the number of 
turns, and the denominator die number of leaves in the spiral cycle. 
Tints, in fig. 198 a 5, the cycle consists of five leaves, the Gth leaf 
hciiig placed vertically over the first, the 7th over the 2nd, and so 
on; while the number of turns between the Ist aAd 6th leaf is two: 

Fig. .rart of a branch, of a Cherry with si x loaves, the sixth being placed vertically over 
the first, after two toms of the spiral Tills Is expressed by -f or the quincunx. The brandi, 
with the leaves numbered In onler. 6, A magnified representation of the bnuich, showing the 
cicatrices of flie leaves or their jM^hits ctf Inseition, and their spiral arrangement 

_ • ft full account of ^Fhyllotaxis, see Bmvais M(un. sur la Die^Kwition Gdometrlque des 
FeuiUes, Annales des Sciences Natureuea Jun. and F^b. 1887. 
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hence, this atrangement is indicated by the fraction ?. In other 
words, the distance or divergence between the first and second leaf, 
expresses in parts of a drde, is of a circle, or 860 - 5 - f == 144®. 

In fig! 195, a h, the spiral is J, ue. 
one turn and two leaves; the thi^ leaf 
being placed vertically over the first, 
and the divergence between the first 
and second leaf being one-half the cir¬ 
cumference of a circle, 860 - 4 -^, = 180®. 
Again, in fig. 199, « 6, the number is 
or one turn and three leaves, the an¬ 
gular divergence being 120®. 

172. In cases where the internodes 
are very short, and the leaves are closely 
applied to each other, as in the House- 
leek, it is dilficTilt to trace what has 
been called the genmUin^f fgnral, or 
that which passes through every leaf 
of the cluster. Thus, in fig. 200, there 
are thirteen leaves which are numbered 
in their order, and five turns of the 
spiral marked by circles in the centre indicating the arrange¬ 
ment); but this could not be dented at once. So also iii Fir cones 
(fig. 201), which are composed of scales or modified leaves, the gener¬ 
ating spM cannot be determined easily. In such cases, however, 
there are secondary spirals running parallel to each other, as is seen 
in fig. 201, where spiral lines pass through scales numbered 1, 6, 11, 
16, &c., and 1, 9, 17, &c., and by counting those which run parallel 
in different directions, the number of scales intervening between 
every two in the same parallel coil may be ascertained. Thus, in fig. 
201, it will be found that there are five secondary spirals running 
towards the right and parallel to each other, the first passing through 
the scales 1, 6, 11, 16, &c.; the second through 9, 14, 19, 24, &c.; 
the third through 17, 22, 27, 32, 37, &c.; the fourth through 30, 35, 
40, 45, &c.; the fifth through 43, 48, 53, &c. The number of these 
secondary spirals indicates Ae number of scales intervening between 
eveiy two scales in each of these spirs^s—the common difference being 
five. Again, it will be found on examination that there is a number 
of secondary spirals running to the left, in which the common difference 
betwerai every two scaled is eight, and that this corresponds to the 
number of secondary spirals, the first of which passes through the 
scales 1, 9,17, &c .; the second through 6, 14, 22, 30, &c.; the third 

Fig:. 190.—Toong plant of Cyperua eaculentua, with loavoa in three rows, or triatichonH, ex- 
prened by the firaetion or one tom and three leavea a, 1110 plant, with ha leavea nnnibensl 
In their order, i. Magnified representation of the stem, showing the insertion of the leavea and 
their spiral arrangement 
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173. The primitive or generating spiral may pass either from right 

to left or from left to right. It sometimes follows a (lifferent direction 
in the branches from that pursued in the stem. When it follows the 
.same course in the stem and brandies, they are honmlromms (o^s/or, 
similar, and a course); when the direction differs, they are 

heterodromvm (srigog, another). In different spedes of the same genus 
the phyllotaxis frequently varies. 

174. Considering alternation as the usual leaf-arrangement, some 
have supposed tliat opposite leaves arc owing to the development of 
two spirals in opposite directioas, while others look upon them as pro¬ 
duced by two nodes coming close together without an intemode. A 
verticil, m the, latter view, will be the result of the non-devdopment of 
more than one intemode. Thus, in fig. 195, if the space between 1 
and 2 were obliterated, or the intemode, m, not developed, the leaves 
woidd bo opposite. In fig. 198, if the spaces between each of the 
leaves were obliterated, there weuld be a verticil of five leaves. In 
many plants there is a law of arrestment of devdopment, by which 
>.p[X)site and verticillate leaves are naturally produced: but in such 

yiy > Cyde ^ tliirtecn lottves placed closely together an as to form a rosette, as In Sem- 
pervivnin. A, is the Tety short axis to tfele leaves are attached. The leaves are nombered 
In their order, from below opwards. The dides in the centre indicate the five toms of the 
Bpiml, and show the insertion of each d^the leaves. The divergence is expressed by the fraction 

SOI.—Cone of Piniu alba, with the scales or modified leaves numbered In the order of t^r 
arrangement on the axis of the cone. Tim lines indicate a rectilinear series of scales, and two 
lateral secondary spirals, ono taming from tbft to right, the other from right to left. 







92 


phtixotaxis or lEAy-AkoAxamRin. 


cases the alternation is still seen in the arrangement of the diiferent 
cbutera of leaves. 

176. In some cases tlie efifect of interruption of growth, in causing 
alternate leaves to become opposite and verticillate, can be distinctly 
shown, as for instance in Eliododcndron poaticum. In other cases, 
parts which are usually opposite or verticillate, become alternate by 
the vigorous development of tlie axis: and on different parts of the same 
stem, as in Lysimachia vulgaris, there may be seen alternate, opposite, 
and verticillate leaves. "W^en the interruption to development takes 
place at tlie end of a brancli, the leaves become fasciculate {Jasciculus, 
a bundle) or clustered, as in the Larch. A remarkable instance of the 
shortening of intemodes, and the clustering of leaves, occurred in tlie 
Pahn house of the Botanic Garden of E^nburgh, in the case of a 
Bamboo which was exposed for many months to a low temperature, 
during the time that the roof of the house was being renewed. Tlie 
plant had been growing rapidly, with its intemodes of the usual 
length, but it was suddenly arrested near the summit, the intemodes 
became gradually shortened, till the nodes were close to each other, 
and the leaves came off in bunches. All modifications of leaves follow 
the same laws of arrangement as true leaves—^a lact which is of im¬ 
portance in a morphological point of view. 

176. In Exogenous plants, the first leaves produced, or the 
cotyledons, are opposite. This arrangement oflnn continues during 
the life of the pl^t, but at other times it changes. Some tribes of 
plants are distinguished by their oppasite or verticillate, others by 
their alternate, leaves. Labiate plants have decussate leaves, whili’ 
Boraginacete have alternate leaves, and lUiaeefc have distiehons leaves 
in general; Cinchonacea; have opposite leaves; Galiacerc, verticillate. 
Such arrangements as y",, and are common in Exogens. The 
first of these, called qtuncunx {quincunx, an arrangement of five), is met 
with in the Apple, Pear, and Cherry (fig. 198); the second, in the Bay, 
Holly, Plantago media; the third, in the cones of Pinus alba (fig. 201); 
and the fourth, in those of tlie Pinus Picea. In Endogenous plants, 
there is only one seed-leaf or cotyledon produced, and hence the 
arrangement is at first alternate: and it generally continues so more or 
less. Such arrangements as ^ ^ (fig. 199), and |, are cumrauii in 
Endogens, as in Grasses, Sedges, and Lilies. In Acrogens, the leaves 
assume all kinds of arrangement, being opposite, alternate, and ver¬ 
ticillate. It has been found in genei^ that, while the number 5 
occurs in the phyllotaxis of Exogens, 3 is common in that of Endogens. 

4 mm X ^ _ .1 . • _ _.11 




kingdom, a tendency to certain definite numerical arrangements, yet 
there are many exceptions. In speaking of Palms, wliicli are endogenous 
plants, Martins states that the leaves of different species exhibit the 
following spirals—f, J, Jf, |J. In the species of the genus 
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Piaus, f, W, /r, |i, occur. Thus, while it has been shown that the 
phylloplasUc {(PvM^w, alea^ and arAwroiiof, formative), orleaf-formative 
power, moves in a spiral round the axis, it has been found impossible 
to apply phyllotaxis satisfactorily to the purposes of classification. 

178. lire spiral arrangement of the leaves aUows all of them to be 
equally exposed to air and light, and thus enables them to cany on 
their fanctions with vigour. Tlie form of the stem is also probably 
connected with the lesrf arrangement. When leaves arc opposite and 
decussate, the stems are often square, as in Labiate plants. The ordi¬ 
nary rounded stem appears to be associated with a certain degree of 
alternation in the separate leaves, or in the different pairs of leaves 
when they are opposite 

179. The study of the structure, forms, and arrangement of leaves, 
is of great importance, when it is considered that aU parts of plants are 
to be looked upon as leaf-formations variously modified, in order to 
serve special piupo.ses in the economy of vegetation. The morphological 
relations of leaves, or the varied forms which* hey assume, will be 
illustrutod during the consideration of the organs of reproduction, and 
of tlic doctrine of metamorphosis, as projxjunded by Goethe and others. 
It is only by looking upon all the organs of plants in their relation to 
the leaf iis a type, that a philosophical view can be given of the great 
plan on which they have been fornmd. 

Leaf-buds. 

180. licaf-bud* contain the rudiments of branches, and are fotmd 
in the aril of prcviously-foimed leaves (fig. 202 ha, ba, ba ); or, in 
other words, in the angle formed between the 
stem and leaf, 'fliey are hence c-alled arUbiri/, 
and may be either terminal, b t, or latersd, b a. 

In their commencement, they are cellular pro¬ 
longations from the medullary rays bursting 
through the bark. The central cellular por¬ 
tion is surrounded by spiral vessels, and is 
covered with rudimentary leaves. In the pro¬ 
gress of growth, vascular bundles are formed 
continuous with those of the stem; and, ulti- 
matdy, branches are produced, which in every 
riispect resemble tlie axis whence the buds first 

prung. The celhilar portion in the centre 
remains as pith with its medullary sheath, whidi 
is dosed and not continuous with that of the 
parent stem. Thus, in the stem and branch, this sheath forms a 

Fla 202.—Upper portion of u tironeh of Loniccra nigra In a atato of hibernation, that ia to my, 
after we fall ortho leaves; covered witlileaf-budn. 0 f, A terminal bnd. * a, i o, 6 o, Axillary 
lateral l)U(lft. Below the buds, the cicatrix ot scar left b 3 r the foUen leaves is seen. 
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(SeuibI which is closed at both extremities, and which sends prolonga^ 
tions of spiral vessels to the leaves. As the axis or central portion oi 
the leaf-bud increases, cellular projections appear at regular intervals, 
which are the rudimentary leaves. 

181. A leaf-bud may be removed in a young state from one plant 
and grafted upon another, by the process of budding, so as to continue 
to form its di^ent pmia; and it may even be made to grow in the soil, 
in some instances, immediately after removal In certain cases, leaf- 
buds are naturally detached during the life of the parent, so as to 
form independent plants, and thus propagate the individual. Leaf- 
buds have on this account been called faced endrryos, by Petit-Thouars 
and others. They are embryo plants fixed to the axis, capable of send¬ 
ing stems and leaves in an upward direction, and woody fibres down¬ 
wards, which, according to some, may be' considered as roots. A treti 
may be said to consist of a series of leaf-buds, atjghgtsins (tivrop, a plant), 
attached to a common axis or trunk. In ordinary trees, in which there 
is provision made for*%he formation of numerous lateral leaf-buds, any 
injury done to a few branches is easily repaired; but in Palms, which 
only form central leaf-buds, and have no provision for a lateral forma¬ 
tion of them, an injtiry inflicted on the bud in the axis is more likely 
to have a prejudicial effect on the future life of the plant. 

182. In the trees of temperate and cold climates, tlie buds which 
are developed during one season lie dormant duiing the winter, ready 
to burst out rmder the genial warmth of spring. They fure generally 
protected by external modified leaves in the form of scales, tegineuta or 
peruke (tegmenta, coverings, perula', small bags), which are of a firmer 
and coarser texture than the leaves themselves. ITiese scales or pro¬ 
tective appendages of the bud, consist cither of the altered laminaj, or 
of the enlarged petiolaiy sheath, or of stipules, iis in the Fig and Mag¬ 
nolia, or of one or two of tliese parts combined. They sei ve a tempo¬ 
rary purpose, and usually fall off sooner or later after tlie leaves ar(; 
expanded The bud is often protected by a coating of rerinous mat- 

f ter, as in the Horse-chestnut and Bidsam poplar, or by 
a thick downy covering, as in the Willow. Liuuteus 
called leaf-buds Idbernactila, or the winter tpiarters of the 
yoiuig branch. 

183. In tlie bud of a common tree, as the Syca¬ 
more (fig. 203), the^ is seen the cicatrix left by the 
leaf of the previous year, c, with the pulvinus or 
swelling, .p, then the scales, e e, arranged alternately 
in a spir^ manner, and overlying each other in what 
20 B is called an indmcaied (imbrex, a roof tile) manner. 

Fig. 26^—Leaf-bu(t of Acer meudo-'platOQUB Mvcrofl with acnlea. r, The branch, l^TinuR 
or swelling at the base of the leaf which has fallen, leading a scar or cicatricu^ c, in wliidi Uic 
remains of three vascular bundles are seen. c, Imbricated scales of tlie bud. 
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On making a transverse section of the bud (fig. 204), the over-lying 
scales, e ee e, axe distinctly seen surrounding the leaves, f, which are 
plaited or folded round the axis or 
growing point. In plants of warm 
climates, the buds are often formed by 
the ordinary leaves without any pro¬ 
tecting appendages; such leaf-buds are 
called mked. 

184. vernaUoa.—Iheamingementof 
the leaves in the bud has been deno- 
minatiid vermtimt, {ver, spring), or pree- 
foUation {pree, before, and folium, leaf), 
or gemmation {gemma, a bud). This 
difiers in different plants, but in each 
species it follows a regular law. The 
le<aves in the bud are eitlier placed 
simply in appo.sition, as in the Misletoe, or they art^ folded or rolled 
up longitu^nally or laterally, giving rise to different kinds of verna¬ 
tion, as ilelineated in fig. 205 a — n, where tlie dot represents the axis, 



a 



h c 



d 






nno the foldetl or curved lines, the leaves with the thickened part indi¬ 
cating th(' midrib; figs, a and, 9 , being vertical sections; h —horizontal. 

185. The leaf taken individually, is either folded longitudimdly fi'om 
apex to Itase (fig. 205 a), as in the Tulip-tree, and called reclinate; 
or rolled up in a circular maipier fixtm apex to base, as in Ferns 


: iR. 204.--Tnvnm'erse section of the same leaf-hud. « c e e, The scales arranRod in an imbri» 
au«i manner, like the tUcs on a house. /, The loaves foldtkl In a plaited manner, ezhibitlnR 
luicate vernation. 

Fig. 20ft.—njfures to show the different kinds of vernation. <i—llie folding of Individual 
J^ves; « and o being vortical B(*ctLons, 6 c rfc and^ being horU^taL «, Reclinate. fr, Coa- 
<mpUcat& c, HIcute. d; Ckmvulute c, Involate. f. kerolute. g, Circlnate. A—Folding of 
i^ves when imitod together In the loaf-bnd. TlWhaections ore horiaontal or transverse, and 
show tile relative yoKition of the leaves, and the mode in whic]|Rach of them Is fold<^ A, Val- 
i, i ^ Twined w ffiiinti. Jc 1 , Induplicate, m, Eqnltant n, Obv^lute or half-equitant In aU 
wc ngiu^ the thickened portion indicates the midrib of the leaf, and the dot marks Oie poedflon 
of the axis. 
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(■fig. 206 g), and called circinate {cirdno, I turn round); or folded later¬ 
ally, ccmdupUcate, as mTTa£'(fig. 206 6); or it, has several folds like a 
ovplaited, as in .Vine and Sycamore (figs. 204yj 205 c), and 
• in leaves with radiating vernation, where the ribs mark the foldings; 
or it is rolled upon itself, ognvoht^ or mpervolvfe, as in Banana and 
Apricot (fig. 205 <f); or its etlg®. are rolled inwards, in volute , as in 
Vicdet (fig. 205 e); or outwar^, revolut^ as in Rosemary (fig. 205/). 
'Ihe different divisions of a cut leaf may oe folded or rolled up separ¬ 
ately, as in Ferns, while the entire leaf may have either the same or 
a dmercnt kind of vernation. 

186. Other kinds of vernation receive their names from.the arrange¬ 
ment of the leaves in tlic bud, taken as a whole. Leaves in the 
bud are oiiposite, alternate, or vertidllate; and thus different kinds of 
vernation are produced. Sometimes tliey are nearly in a circle at 
the san^ level, remaimng flat, or only slightly convex externally, and 
placed so as to touch each other by their edges; thus giving rise to 
vedvate vematioai (fig. 205 A). At other times they are at different 
levels, and are applied over ^ach other, so as to be itnbricated, as in 
Lilac, and in the outer scales of Sycamore (figs. 20.0, 204) ; .md occa- 
aionalljr the mar^i of one leaf overlaps that of another, while it, in its 
turn, is overlapped by a tldrd, so as to be twisted or spiral (fig. 205 i). 
When the leaves are more completely folded, they either touch at their 
extremities (fig. £05 h), or are folded inwjuxis by their margin, and 
become indupUcate (fig. 205 /); or a conduplicate leaf covers another 
similarly folded, while it covers a third, and thus the vernation is 
equitant (riding), as in Privet (fig. 205 m ); or conduplicate leaves are 
placed, so that the half of the one covers the half of another, and thus 
they become hulf-fitpdtant or obvolvU, as in Sage (fig 205 n). Tlie 
scales of a bud sometimes exhibit one kind of vernation, and the 
leaves another (fig. 204). Tlie same modes of arrangement occur in 
the flower-buds, tis will be afterwards shown. 

187. Leaf-buds, as has been stated, arc either termiual or lateral. 
By the production of the former (fig. 202 h t), stems increase in length, 
while the latter (fig, 202 b a, b a, b a) give rise to branches, and mid to 
the diameter of the stem. The terminal leaf-bud, after producing 
leaves, sometimes dies at the end of one season, and the whole plant, 
as in annuals, perishes; or part of the axis is persistent, and remains for 
two or more years, each of the IcaVes before its decay producing a 
leaf-bud. in its axil. This leaf-bud continues the growth in spring. 

188. In some trees of warm climates, as Cycas, Papaw-tree, Pahns, 
and Tree ferns, the production of terminal buds is well seen. In these ■ 
plants, the elongation of the stem is generally regular and uniform, so 
that the age of the plant may estimated by its height. Such stems 
(often endogenous) may thus be considered as formed by a series of 
.terminal buds, placed on© over the other. From tliis mode of growth 
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they do not attain a great diameter (fig. 115, 1). In other trees, 
especial^ Exogens, besides the terminal bud, there are also lateral 
ones. These, by their development, ^vc rise to Immches {rami), from 
which others called branchhis or tieigs {ramvU) arise. Such buds 
being alwa 3 rs produced in Ae axils of leaves, are of course arranged - 
in the same mattner as the leaves are. By the continual production 
of lateral leaf-buds, the stem of exogenous plants acquires a great 
diameter. 

189. Although provision is thus made for the regular formation of 
leaf-buds, there are often great irregidaritieB in consequence of many 
being abortive, or remaining in a dormant state. Such buds are 
called latent, and are capable of being developed in cases where the 
terminal bu^ or any of the branches, have been injured or destroyed. 

In some instances, as in Mrs, the latent buds follow a regular system 
of alternation; and in plants with opposite leaves, it fi«quentJy hap¬ 
pens that the bud in the axil of one of the leaves only is developed, 
and the different buds so produced are situated alternately on ox>posate 
sides of the stem. 

190. When the terminal leaf is injured, or arrested in its growth, the 
elongation of the main axis stops, and the lateral branches often acquire 
increased activity. By continu^y C!uttingoffthet«nninalhud8,a'woo4y 
plant is made to assume a hushy appearance, and thus pollard trees an 
produced. Pruning has the effect of checUng the growth of temuns 
buds, and of causing lateral ones to push forth. The peculiar bird-ne 
.appearance often presented by the branches of the common Bird 
depends on an arrestment in the terminal buds. It lAustening of tl 
intemodes, and a conscqtient clustering or fascicnhMkm of the twigs. 
In some plants there is a natural arrestment of the main axis after a 
certain time, giving rise to peculiar shortened stems. Thus the crown 
of the root 70) is a stem of this nature, forming buds and roots. 
Such is also the case in the stem of Cyclamen, Testudinaria elephan- 
tipes, and in the tuber of the potato. The production of latmnl in 
place of tcraiinal buds, sometimes gjveS the stem a remarkable zigzag 
aspect. 

191. In many plants witli a shortened axis, the lateral buds produce 
long branchrai. Thus the ftagelhm, {Jiagelltm, a whip or twig), or 
nmuer of the Strawberry and Ranunculus, is an elongated branch, 
developing buds as it nins alohg the ground; the propagulum {pro- 
pago, a shoot), or offset, is a short thick branch produced laterally in 
(ieshy plants from a shortened axis, and developing a bud at its ex¬ 
tremity, which is capable of living when diftached, as in Houseleek. 
Fig. 206 represents a strawberry plant in which a' is the primary 
axis, ending in a cluster of green leave®, r, and some nidimentaiy leaves, 
f, and not elongating; from the axil of one « the leaves proceeds a 
branch or runner, a", with a rudimentary leaf, f, about the middle, 

n 
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wad another duster of leaves,/and r, forming a young plant with roots; 
from this a third axis comes off, a"', and so on. ti many instances 

the runner decays, and the 
^ . young plant assumes an inde- 

• ' pendentexistence. Gardeners 

^ imitate this in the propaga- 

/ ' ^ plants by the process 

'of which consists in 

\ / /• ben^g a twig, fixing the 

. .y «’ central part of it into the 

/ * P^' 

^ duction of adventitious roots, 

I ] ' cutting offits connection with 

208 the parent. 

192. When the stem creeps along the suifrce of the groimd, as in 
the Ehizome (fig. 90^ nr completely under ground, as in the Soboles 
or creeping stem (fig. 91), the terminal bud continues to elongate 
year a^r year, thus matog additions to the axis in a horizontal 
manner. At the same time buds are annually produced on one side, 
which send shoots upwards and .roots downwards. Thtis, in fig. 91 
(soboles of a Eush), r is the extremity of the axis or terminal bud, / c 
the leaves in the form of scales, p a the aerial shoots or branclie.s, 11 
being the levd of the ground. Again, in fig. 90 (rhizome of Solomon’s 
seal), a is the terminal' bud which has been formed subsequently to i, 
h the bud which has sent up leaves, and which has decayed, c c being 
the scars left by the similar buds of previous seasons. 

193. Aeetiil sod Sabterrancan Iieal-bad*.—According to the nature 
of the stems, leaf-buds are dther aerial or subterranean^ die former 
occurring in plants which have the stems above groimd, the latter 
in those in which the stems are covered. In the case of Asparagus 
and other plants which have a perennial stem bdow ground, sub¬ 


terranean buds are annually produced, which appear above ground 
as shoots or branches covered witli scales at fiist (fig. 110 /), and 
ultimately with true leaves. The young shoot is called a Turio (tviio, 
a young branch). These branches are herbaceous and perish an¬ 
nually, while the true stem remains below ground ready to send up 
fresh shoots next season. In Bananas and Plantains, the apparent 
aerial stem is a shoot or leaf-bud sent'^p by an underground stem, and 
perishes after ripening fioiit. In some plants, several brandies are sent 
up at once from the undergroimd stem, in consequence of a rapid 
development of lateral as well as terminal buds; and in such cases the 


fiff. 206.»FlaeeUum, or Runner of the Stnvwbcny. a\ One &k\b which han produced a cluster 
of leaves, the upp^, r, ^ecn, the lower, /, radimciitaty. From the tall of one of the latter, a 
fiocond axis, a", ansci^ bearlna about the middle a rudimentary leaf, /, and a cluster of leaves, 
r, 1^1; green, and 3 iartiy nulimentaiy, at its extremity. J:>Yom the uxil of one of the leaves of 
this cluster, a thlitl axis, proceeds. 
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lateral ones may be separated as distinct plants in the form of suckers 
(surculi). The potato is a thickened stem or branch capable of 
developing leaf-buds, which in their turn form aerial and subterranean 
branches, the former of which decay annually, while the latter remmn 
as tubers to propagate the plant. Thus, in fig. 92, s s is the surfece of 
the soil, p rt is the aerial portion of the potato covered with leaves, t is 
the subterranean stem or tuber covered with small scales or projections, 
as represented at T b, fi'om the axil of which leaf-buds are produced. 
This provision for a symmetrical development of axillary lerf-buds at 
once distinguishes the tulwr of the potato from fleshy roots, like those 
of the Dahlia. ■ - 

194. Bnib.—good example of a subterranean bud occurs in the 
Bulb, as seen in the Hyacinth, Lily, and Onion. This is a subterranean 
leaf-bud covered with scales, arising fix>m a shortened axis., From the 
centre of the bulb a shoot or herbaceous stem is produced wMch dies 
down. New bulbs, or cloves as they are called, are produced from 
the subterranean axis. At the base of the scales there is a flat¬ 
tened disc, varying in thickness, which is fonned by the ba^ of the 
buds, and which has sometimes been called the stem. The parts of 
the bulb are seen in fig. 207, where p marks the disc or round flat 
portion formed by the bases of the lateral buds from which the fasd- 
oulatcd roots, r, proceed, e the scales or modified leaves, and / the true 
leaves. In the vertical section (fig. 208), b is the new bulb formed like 
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;■ bud in the axil of a scale. Tlie new bulb sometimes remains attached 
10 the parent bulb, and sends up an axis and leaves; at other times it 


Fijs. 207.—Tunicttted bulb of AUium rommi, or tlie Leek, r, lioota p, A circular disc, or 
Hboitened stum intci'veuiug between the roots and l^o bulbous swe^ing. e e, Scales, or subter- 
r^,an modlAcsd ieavea /, Upper which become green. 

Fig. 208.—Vertical section (h the tunlceted bulb of the Leek. The letters Indicate the same 
ports as in the lust ttgure. Bud situiited in the axil of u scale, which, by its development, forms 
a new bulb. 

Hg. 200.—Scaly or naked bulb of Ulium album, r, Boots, see, Scales or modifiedunder- 
groimd leaves, f, The stem cut 
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is detached in die course of growth, and forms an independent plant. 
The new bulbs ^ed on the parent one, and nltima^y cause its 
absorption. The scales are sometimes all fleshy, as in the scaly or naixd 
hvllf of the white lily (fig. 209 s e e), or the outer ones are thin and 
membranous, overlapping the internal fleshy ones, and forming a 
tumcated bulb, as in the Onion, Squill, and Leek (fig. 207). 

195. The c«PBi a stump) has already been noticed under 

the head of subterranean stems (f^ 70, fig. 93). It may be considered 
as a bulb in which the centrd portion or axis is much enlarged, 
while the scales are reduced tp thin membranes. Some have called it a 
solid bulb. It is seen in the Tulip, Colchicum, Crocus, and Gladiolus. 
It produces either terminal buds, as in Gladiolus and Crocus, in which 
several aimual additions to the conn remain attached together, and 
the newly produced conns come gradually nearer and nearer to the 
surface of the soil; or lateral buds, as in Colchicum, represented at fig. 
93, where r indicates the roots, / the Icafi a' the stem or axis of the 
preceding year withered, a" the secondary axis, or the stem developed 
during the year, and trddng the place of the old one, and whidi, in 
its t^uau, will give origin to a new axis, on the opposite side, 
.Tccor&ig to the law of alternation. The new axes or corms being 
thus produced alternately at either side, there is very little change in 
the actual position of the plant from year to year. Bidlrs and corms 
contain a store of starch and of other substances, for the nourishment 
of the young plants. 

196. Anomalle* and Tramfonnatlam of I.caf-i>nda. —^Lcaf-buds arlsit 


from the medullary system of the plant, and in some instances they 
are foxmd among the cellular tissue, without being in the axil of leaves. 
In this case they are extra-axiUary, and have been called adventitious 
or abnormal. Such buds are produced after the stem and loaves have 
been formed, and in particular circumstances they are developed like 
normal buds. What have been called embryo-buds, are woody nodules 
seen in the bark of the Beech, Ehn, and other trees. They are looked 
upon as partially' developed abnormal buds, in which tlte woody matter 
is pressed upon by the surrounding tissue, and thus acquires a very 
hard and firm texture. When a section is made, 
they present woody circles arranged around a 
central pith, and traversed by medullary rays 
(fig. 210). The'^nodules sometimes form knots 
on the surlace of the stem, at other times they 
appear as large excrescences, and m some cases 
twigs and leaves are produced by them. Some 
consider embryo-buds as formed by layers of 
woody matter, which originate in the sap con- 



* 

f. SlO'.—Vertical section of a nodule, n, or embryo-bud einbedded in the baric of the Cedar. 
It forms a prelection on the surface. The woody layers form zones round a Und of pith. 




JUfOSIAI/IES AKD TRASSFOBMATIOSS OF tEAF-BUDS. Wl 


veyed dowiiw»d by baxk and cambium cells, and are deposited 
roimd a nucleus or central mass. 

197. Leaf-buds sometimes become extra-axillary (fig. 211 6), in 
consequence of the non-appearance or abortion of one or more leaves, 
or on account of the adhesion of the young branch to the parent stem. 
In place of one leaf-bud, there are occasionally several accessory ones 
produced in the axil, giving origin to nmnerous branches (fig. 212 i). 



211 


•Such an occurrence is traced to the presence of latent or adventitious 
buds. Fig. 211 represents a brandi, r, of walnut, p the cut petiole, 
and b two buds, of which the upper is most developed, while fig. 212 
exhibits a branch of Lonicera tartarica, with numerous buds, h, in the 
itxil of the leaves, the lowest of which are most advanced. By the 
union of several such leaf-buds, branches are produced having a 
thickened or flattened appearsmee, as is seen in the Fir, Ash, and 
other trees. These JimkOed (Jascict, a band) branches, in some cases 
however, are owing to the abnormal de¬ 
velopment of a single bud. 

198. In the axil of the leaves of lalium 
bulbiferum, Dentaria bulbifera, and some 
other pknt^ small conical or rounded bodies 
are produced called buBtils or bulhlets (fig. 

213 6 i b). They resemble bulbs in their 
aspect, and consist of a small numbrar of 
thickened scales enclosing a growing point. 

'J'hese scales are frequently uqjted closely 
together so as to form a solid mass. Bulbils 
are therefore transformed leaf-buds, which 

Fig. 21L~Porti(m of a branch, r, of the walnut Itewring tlie petiole, p, of a leaf which haa 
been cut In the axU of tiio laai, aevenU Imda, b, arc produced, the highest ot which are moat 
developed. 

Fig. 212.~PoTfcion of a liranch, r, of IsOiiicero tartarica, bearing two opposite leaves, one of 
which has been cut, the other,/, lieing preserved. In the axil of the leaves, elustcra of buds, b, 
urc seen, tlie lowest of which aixi most developed. 

Fig. 21S.—Portion of the stem of Lilium Imibifernm with tliroe oltmiate leaves,///, and tiiree 
bulbils or bulblet^ bbbf ta their axila 
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are easily detached, and are capable of producing yorfllg plants when 
placed in fitvourablc circiunstances. 

199. Occasionally leaf-buds axe produced naturally on the edges 
of leaves, as in Bryophylhun calycinum and Malaxis paludosa (hg. 
214), and on the surface of leav^, as in Omithogalum thyrsoideum 
(fig. 215). These are capable of forming independent plants. Similar 

buds are also made to ap- 
» L'k ; ^ pesg'on the leaves of Gesne- 
ra, Gloxinia, and Achime- 
ncs, by wotmding various 
parts of them, and placing 
them in moist soil; this 
is the method often pur- 
sued by gardeners in tfieu* 
propagation. The cellular 
tissue near the surface of 


/I plants, seems therefore to 

214 2i» have the power of develop¬ 

ing abnormal leaf-buds in certain circumstances. Even roots, when 
long exposed to the air, may thus assume the functions of stems. 
Leaves bearing buds on their margin, are allied proKf&rms (pro/es, 
ofispring, and_^o, I bear). 

200. Spines nr Thorns. —Branches are sometimes arrested in tlieir 
development, and, in place of forming leaves, become transformed into 
spines and tendrils. Spines or thorns are undeveloped branches, ending 
\ ilVA] 3 ™ more or less pcnntcd cxtremi- 

\ y/v 1 - ties, as in the Hawthorn. Plants 

\ which have spines in a wild state, 

lyl /flp :' T I as the Apple and Pear, often lose 

them when cultivated, in conse- 
A / IP quence of their being changed 

into branches; in some cases, as 
inPmnnsspinosa,ortheJ51oe(fig. 
® branch bears leaves at 
f A Itslowerportions, and terminates 

1 “ spine. Leaves tborasolves 

1 T ^ W become bj the har- 

(w <?6Mn(?df^/ldipmi(mfinrpwtnary 

216 217 veins, and the diminution or 

absence of parenchyma, as in Astragalus m assilie nsis (fig. 217 r), 




., Hg. a4.—Extremity of a leaf, f, of Malaxls paludosa, tbe margin of wblcb Is covered with 
adventitiaoH bnds, b b; thus becoming proliferous 

Fig. 216.—rortion of the blade of a leaf,/, of Umlthogalnm thyisoideura, rai the snrlkcc of 
vbldi are developed adventitious or abnormal bnds, 6 6 6 6, sinne of which are large. 

Fig. 21&—Branch of Pmnns spinosa, or Sloe, wltii alternate leaves, and ending In a sgilne or 
thorn. 

Fig. 217.—Pinnate leaf of Astragalus masailicnsls, tiie midrib of which, r, ends In a spine, r, 
Petiolary stipules /, Nine pairs of leaflets. 
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where the midrib becomes spiny after the tall of some of the leaflets; in. 
the Holly, where all the veins are so; and in the Barberry (fig. 218), 
where some of the leaves,/// are produced in the form of spiny 
branches, with scarcely any parenchyma. In place of producing a lamina 
or blade at its extremity, the petiole sometimes terminates in a spine. 
Stipules are occasionally transformed into spines, as in Bobinia pseudo¬ 
acacia (fig. 219, s«), ?«d such is also the case with the swelling or pulvinus 
at the base of the lew, as in Eibes Uva-crispa (fig. 220, ccc). Branches 



are sometimes arrested in their progress at an early state of their de¬ 
velopment, and do not appear beyond the surface of the stem; at 
other times, after having grown to a considerable' size, they undergo 
decay. In both instances, the lower part of the brandi becomes 
embedded and hardened among the woody layers of the stem, and 
forms a knot. 

201. Tendril*. —A leaf-bud is sometimes developcsd as a bonder spiral 
or twisted branch, cjalled a tendnZ or cw’rAi«(cimis, a {nirl)y as in the Pas¬ 
sion-flower, in which the lateral buds are thus altered with the view of 
enabling the plant to dimb. When tendrils occupy the place of leaves, 
and appear as a conlmtiation cS 1heleaf-st^ they aie csdied petiolon;, 

a? in iMtbym Aphai^ m which the sti0es penoim the fimetion of 

true leaves. In Flagellaria indica, Methonioa superba, Anthericum 


^ Bwberis vulisaTiB, or Barberry, tbeleaves of -wbicb, f f f, are tranrfonowV 
spines. In, the axU of each, a cluirtw r *■ r, of rcRularly formed leaves isde- 

pinnate leaf of Bobinia psoudo-acaela, the stipuies of vrhioli, « arc 
®®57ertedinto8I»l«e«orthonm. ^ Branch, r, Petiole. 

Wbes UvH-criaiia, In which tlie pulvinns ot swelling cee, nt the base 
u either staple, or double, or triple. 
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cirrltQitiun, and Albuca drrhata, the midrib of die leaf ends in a ten¬ 
dril; and in Vetches, the tennitial leaflet, and some of the lateral ones 
at the extremity of their pinnate leaves, are changed, so as to form a 
branching tendnl. In the Vine, the tendrils are looked upon as the 
teimindtions of separate axes, or as transformed terminal buds. In this 
plant there are no young buds seen, in the angle between the stem and 
leaves, nor between the stem and tendrils; and the latter are not axillary. 
Fig. 221 represents the branch of a Vine, in which al is the piima:^ or 

first formed axis, ending in r 
a tendril, or altered terminal 
bud, and having a leaf, on 
one side. Between this leaf 
and the tendril which repre¬ 
sents the axis, a leaf-bud was 
formed at an early date pro¬ 
ducing the secondary axis, 
or branch, a", ending in a 
tendril,with a later^ leaf 
f, fi:om which a tertiary axis 
or branch, a'" was developed, 
ending in a tendril, i/", and 
so on. 

202. Tendrils twist in a 
spiral mann^, and enable the 
plants to rise into the air by 
twining round other plants. 
The direotion of the spiral 
tiequeutiy dhGfers fi;pm that 
of the dSmbhig stem, pro¬ 
ducing the tendril. In the Vine, the lower part of the stem is strong, 
and needs no additional support; the tendrils therefore occur only 
in the upper part where the branches are soft, and require aid to 
enable them to support the dustos of firuit ih Vanilla aromatica, 
the vanille phtat, tendrils are produced opposite the leaves, until the 
plant gains the top of the trees % which it ig supported; the upper ten¬ 
drils being then developed as leaves. The midrib is sometimes prolonged 
in a cup-like form: tlm is occasionally seen m the common cabbage, 
and seems to depend on the vascular bundles of the midrib spreading 
out at their extremity in a radiating manner, and becoming covered 
with parenchyma in such a way as. to form a hollow cavity in &e centre. 

Fig. 231.—Portion of a of tbe Vine {VitU viaifBra\ Wy First axis, tei-mlnated by a 

tendril or drrbns,wbich assumes a lateral position, and bears a leaf,fVom the axil of uila 
leaf; a second axis, a", comes off, which seeids to be a continuation of the first and Is terminate 
also by a tendril, o'', bearing a loaf, From tbe axil of this second leal; a third axis, arises, 

terminated by a tendril, e", and bearing a leaf; /% from tbe axil of which a fourth axis a 
arises. 
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Special Functions of Leaves. 

203. Leaves expose the fluids of f%e pkat to the influence of air 
and light, and their spiral arrangement enaljjles them to do so efieotn- 
ally. They are concerned in the elaboration of the various vegetable 
secretions, in the formation of wood, and in the a^orption of fluid and 
gaseous matters. A plant, by being constantly derived of its leaves, 
will ultimately be d^tfoyed. On this principle, weeds, with creeping 
Stems and vigorous roots, which are witii difliculty eradicated, may be 
killed. In the cells of the leaves changes take pl^e under the agency 
of light, by which oxygen is given ofi" and carbon fixed. These win 
be considered under the subject of vegetable respiration. The absorp¬ 
tion of carbonic acid and of fluids is carried on by the leaves, chiefly 
through their stomata, according to Bonnet. Some physiologists have 
expressed doubts as to absorption being carried on by the leaves in 
ordinary circumstances. Leaves also pve off gases and fluids by a 
process of exhalation or transpiration. Carbonh5 acid, to a moderate 
extent, is e:^aied during darkness, and a large > quantity of fluid is 
given ofi" by transpiration. The number and size of the stomata regulate 
the transpiration of fluids, and it is modified by the nature of the 
epidermis. In plants with a thick and hard epidermal covering, ex¬ 
halation is less vigorous than in those where it is thin and sofl^ l^me 
succulent plants of warm climstes have a very thick covering. The 
])eculiar character of the leaves or phyDodia (rf Australian plants, is 
probably connected with the dry nature of the climate. While heat acts 
in promoting evaporation,^the process of transpiration is more imder ( 
the influence of light. It assists the process of endosmose, by rendering 
the fluid in the cells thicker, and thus promotes the circulation of sap. 

204. The quantity offluid exhaled varies in amount in difierent plants. 

A Sunflower, three feet high, gave ofi" twenty ounces of watery fluid 
daily. Hales found that a Cabbage, with a suface of 2,736 square 
inches, transpired at an average nineteen ounces; a Vine, of 1,820 square 
inches, firom five to six ounces. Experiments on exhalation maybe made 
by talong a fresh le^ with a long petiole, putting it through a hole in 
a card which it exactly fits, and applying the .cmd firmly and closely 
to a glass tumbler, about two-thirds full of water, so that the petiole 
is inserted into the water, then, inverting an empty tumbler over the 
lea^ and exposing the whole to the sun, the fluid exhaled will be seen on 
the inside of the upper tumbler. The experiment may be varied by 
putting the apparatus in darkness, when no exhalation takes place, or 
in (Mfijse day%ht, whaa it is less than in the sun’s rays. This process 
of exhalation imparts moisture to the atmosphere, and hence the dif¬ 
ference between the air of a wooded country and that of a country 
deprived of forests. The cells in the lower side of a leaf where stomata 
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exist, are cMefly concerned in ihe aeration of the sap, whilst other 
assimilative processes go on in the upper cells. 

205. Leaves, after performing their functions for a certain time, 
■witiha: and die. In doing so, tiiiey frequently change colour, and hence 
arise the beantiM ahd vari^ tints of the autumnal foliage. Leaves 
■which are aiticnlated with the stem, as in the Walnut and Horse- 
chestnut, Ml and leave a scar, while those wliich are continuous with 
it remain attached for some time after they have lost their vitality, as 
in the Beech. Most of the trees of this coirntry have deciduous leaves, 
their duration not extending over more than a few months; while in 
trees of warm climates, the leaves often remain for two or more-years. 
In tropical countries, however, many trees lose their leaves in the dry 
season. This is seen in the forests of Brazil, called Catingm. Trees 
which are called evergreen, as Pines and Evergreen oak, are always 
deprived of a certain number of leaves at interval^ sufficient being 
le^ however, to preserve their greeri appearance. Various causes 
have been assigned for the fall oS. the leaf. In cold climates,'the de¬ 
ficiency of light ^d heat in winter causes a cessation in the functions 
of the cells of the leaf; its fluid disappears by evaporation; its cells and 
vessels become contracted and diminished in their calibre; various 
inorganic matters accumulate in the texture; tlie whole leaf becomes 
dry; its parts lose their adherence; and it either falls by its o'wn weight 
or is deta<died by the -wind. In warm climates, the ffi'y season gives 
rise to similar phenomena. w 


SECTION IL—GENEKAL VIEW OE THE FUNCTIONS OF 
THE NUTBITIVE OEGANS. 

206. In order that plantsinay be nourished, food is required. Tliis 
food, in a crude state, enters the roots by a process of absorption or 
imbibition; it is then transmitted from one part of the plant to another, 
by means of the circulation or progressive movement of ties sap; it .reaches 
the leaves, and is -there submitted to the action of light and air, which 
constitutes the function of respmrtim; and thus the fluids are finally 
fitted for the process of ampulcttion, and form various vegetable pro¬ 
ducts and secretions. 

s 

1 .—^Foon or Plabts, aitd Sofhoes whebcb the-t ssrvtb theik Noukisuhekt. 

CHBUiCAL COMPOSIIlOir OF PLAKTS.. 

207. The nutriment of plants' can only be ascertained when their 
chemical composition has beendeterinined. The physiologist and chemist 
must unite in this inquiry, in ordm: to arrive at satisfactory conclu¬ 
sions. Much has been done of late by Liebig, Mulder, Dumas, Bous- 
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singault, and oihra cheibists, to aid iE^ botanist in his investigations, 
and to place physiological science on a sound and firm basis. It is true 
that many processes take place in plants y^iich cannot as yet be ex¬ 
plained by the chemist, and to these the name of vital has been applied. 
This term, however, must be considered as implying nothing more 
than that the function so called ocCurs in living bodies, and in the 
present state of our knowledge is not redudblo to ordinary chemical 
or physical laws. A greater advance in science may clear up many 
difficulties in regard to some of the vital functions, while others may 
ever remain obscure. 

208. Plants are composed of certain chemical elements^ which arc 
necessary for thdr growtL These are combined in various ways, so 
as to form what have been called organic and inorganic compounds. 
The former are composed of carbon, oxygen, hydrogen, and nitrogen 
or azote, with a certain proportion of sulphur and phosphorus; while 
the latter consist of various metallic bases, combmed with oxygen, 
metalloids, and acids. In all plants there is a greater or less propor¬ 
tion of water, the quantity of which is ascertained by drying at a 
temperature a little above that of boiling water. By burning the 
dried plant the organic constituents disappear, and the inorganic part 
or the ash is left. The relative proportion of these constituents varies 
in different specie.*!, as seen in the following table by SoUy, in which 
the proportions are given in 10,000 parts of the fresh plants:— 



Water. 

Organic Mattel 

Jncnr^nmic. 

Potato,... 

. 7713 

. 2173 

114 

Turnip,.. 


. 588 

104 

Sea ifale. 



57 

Prench Beans,,. 

. 9317 


64 

KcdBcet,. 



109 

Asparaaiis,. 

. 9210 .. 


55 

Water Cross,. 


. 633 

107 

Sorrel,. 



91 

Parsley,. 



271 

Pennel,... 

. . 8761 

. 1048 

191 

Ssisafy,... 



120 

Mustard,. 


. 436 

102 

209. The analysis of 1 00 parts of Fruits gives the following results:— 


• Water. 

Oraanip. 

Inorganic. 

Strawberry,.. 



. 0-41 

Green Ga^, whole limit,. 



. 0-40 

Cherry.do.,. 


. 17-09 .... 

. 0*43 

Pear.do„...l. 

. 83*55 . 


. 0-41 

Apple,.do!i. 


. 15-72 .... 

. 0-27 

Gooseberry.;. 


. 9-35 .... 

. 0-39 


210. The .following fable, by Johnston, represents the constitution in 
1000 parts of plants and seeds, taken in the state in which they are 
















































108 0K6ANIC COHSTlICEjm or PLAST8. 

to cattle, or laid up fori^^eservation, and dried at 230° Faluen- 
heit; the organic matter ,bemg indicated by the carbon, oxygen, 
hydrogen, and nitrogen; the inorganic by the ash:— 



Wheat 

Oat& 

Pca& 

Hajr. 

Tarnipe, 

Potatoes. 


.... 456 ... 

.. 507 ... 

.. 465 .. 

... 458 .. 

.... 429 ... 

... 441 

Hydrosen,. 

.. . 57... 

.. 64 ... 

.. 61 .. 

... fiO .. 

.... 56 ... 

... 58 

Oxygen,.... 


.. 867 ... 

.. 401 .. 

... 887 .. 

.... 422 ... 

... 439 

Nitrosen,_. 


.. 22... 

.. 42 .. 

... 15 .. 

.... 17 ... 

... 12 

Ash, . 


.. 40 .. 

.. 31 .. 

... 90 .. 

.... 76... 

... 50 


By the process of drying, the 1000 parts of these substances lost water 
in the following proportions:— 

Wlieat, IG6 . Peas, 86 . Turnips, 925 

Oats, 151 .; Hay, 158 . Potatoes, 722 

211. As plants have no power of locomotion, it follows that their 
food must be universally dikributcd. The atmosphere and the soil 
accordingly contain all the materials requisite for their nutrition. 
These materials must be supplied either in a gaseous or a fluid form, 
and hence the necessity for the various changes which are constantly 
going on in the soU, and which arc aided by the efforts of man. 
Plants are capable of deriving all their nourishment fW^m the mineral 
kingdom. The first created plants in all probability did so, but in the 
present day the decaying remains of other plants and of animals are 
also concerned in the support of vegetation. 

Organic Constituents and their Souives. 

212. CarbsB (C) is the most abundant clement in plants. It forms 
flum 40 to 50 per cent, of all the plants usually cultivated for food. When 
plants are ch^ed the carbon is left, and as it enters into all the tissues, 
although the weight of the plants is diminished by the process, their form 
still remains. When converted into coal (a form of caibon), plants are 
ftequently so much altered by preasure as to lose their stmcture, but 
occasioruJly it can be detectedunder the microscope. Carbon is insoluble, 
and therefore cannot be absorbed in its uncombined state. When 
united to oxygen, however, in the form of carbonic acid, it is readily 
taken up either in its gaseous state by the leaves, or in combination with 
water by the roots, 'fiie soil contains carbon (humus), and in some soils, 
as those of a peaty nature, it exists in ve^ large quantity. The carbon 
in the soil is converted into carbonic acid in order to be made avail¬ 
able for the purpose of plant-growth. Carbon has the power of absorb¬ 
ing gases, and in this way, by enabling certain combinations to go on, it 
assists in the nourishment of plants. In the atmosphere, carbonic add 
is always present, averaging about , 5^,5 part, arising from the reipir- 
ation(.of mdh and animals, combustion, and other processes. 
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213. OzTWMi (O) is another element of plants. Air contains about 
21 per cent, of^ Every 9 lbs. of water contsdn 8 of oxygen, and it 
is combined with various elements, So as to form a great part of the 
solid rocks of the as well as of the bodies of animals and man. 

214. It is chie^y in its state of combination with Hydrofea (H), so 
as to form water (HO), that oxygen is taken up by pWts. Hydrogen 
is not found in a free state in mture, and with the exception of coal, 
it does not enter into the composition of the mineral masses of the 
globe. It forms i of the weight of water, and it is present in the 
atmosphere in combination with nitrogon. Hydrogen is also iumisbed 
by sulphuretted hydrogen, and some compounds of carbon. 

213. Nitragea (N) is another element found in plants. It forms 79 
per cent, of the atmosphere, and aboimds in animal tissues. The latter, 
during their decay, ^ve off nitrogen, combined with hydrogen, in thi; 
t<)rm of ammonia (NH®), which is absorbed in large quantities by 
carbon, is very soluble in water, and seems to be the chief somce 
whence plants derive nitrogen. In tropical countries where thunder 
storms arc frequent, the nitrogen and oxygen of the air are sometimes 
made to combine, so as to produce nitric acid, (NO*) which, either in 
this state, or in combiiuition with alkaline matters, furnishes a supply 
of nitrogen. Daubeny tliinks that the ammonia and carbonic acid in 
the atmosphere are derived in part from volcanic actions going on in the 
interior of the globe. The continued fertility of the Terra del Lavoro, 
and other parts of Italy, is attributed by him to the disengagement of 
nmmoniaciil salts and carbonic acid by volcanic processes going on un- 
ilerneath; and to the same source he traces the abundance of gluten 
in the crops, as evidenced by the excellence of Italian macaroni. 

216. Mi'dder maintains that the ammonia is not carried down from 
the atmosphere, but is produced in tire soil by the combination between 
the nitrogen of the air, sind the hydrogen of decomposing matters. The 
siune thing takes place, as in natural saltpetre caverns of Ceylon, with 
this exception, that, by the subsequent action of oxygen, ulmic, humic, 
geic, ajtoertmic, and crenic acids, are formed in pkee of nitric acid. 
'Ihese acids consist of carbon, oxygen, and hydrogen, in different pro¬ 
portions, and tlrey form soluble salts with ammonia. By all porous 
substances like the soil, ammonia is produced, provided they are 
moist, and filled with atmo^heric air, and are exposed to a certain 
temiiiuature. It is thus, he statM, that moist charcoal and humus 
be< .-)me impregnated with ammonia. 

217. These four elementary bodies then are supplied to plants, chiefly 
in the form of carbonic acid (CO®), water (HO), and ammonia (NH*). 
In these states of combination they exist in the atmosphere, and hence 
some plants can live suspended in the air, without any attachment to 
the soiL When a volcanic or a coral island appears above the waters 
of the ocean, the lichens which arc developed on it are- nourished 
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in ^ great measure by the atmosphere, although they subsequently 
derive inorganic matter from the rocks, to vrh^ they are attached. 
Air plants, as BromeliasJ lillandsias, and OrchidaoeaJ, and many species 
of ileus, can grow for a long time in the air. In the Botanic Gar¬ 
den of Edinburgh, a specimen of Ficus australis has lived in this con¬ 
dition for upwards of twenty years, receiving no supply of nourishment 
except that afforded by the atmosphere and common rain water, con¬ 
taining, of course, a certain quantity of inorganic matter. The follow¬ 
ing analysis was made of the leaves of this plant, in 1847, by my 
pupil, Mr. John Macadam:— 


Orfsiuilc. 

In 1(10 

Petiole of former year’s growth, inclnding midrib, 82‘98 .. 

Three leaves of former year’s mowth. 86-24 .. 

Petiole of present year’s growth, with midril^. 92-65 .. 

Seven leaves of present year’s growth,. 92-28 .. 

All were dried at 212° Fahrenheit. 


liiorfnnic. 
In too jiarta 
17-02 
13-76 
7-35 
7-72 


In the experimental Garden of Edinburgh, Mr. James M'Nab has 
cultivated various plants, as Strelitzia^augusta, currants, goosebenies, 
&c., without any addition of soil, and simply suspended in tlie air, with 
a supply of water kept up by the capillary action of a worsted thread. 
Some of the plants have flowered and ripened fniit. These experiments 
show that die atmosphere and rain water contain all the ingredients 
requisite for the life of some plants. Boussiugault, from observations 
made on the cultivation of Trefoil, was led to the conclusion, that undei- 
tho influence of ait and water, in a soil absolutely devoid of organic 
matter, some plants acqtiire ail the organic elements requisite for growtli. 
Messrs. Wiegman and PoLstorf took fine quartz sand, burnt it to destroy 
any organic matter, digested it for sixteen hoiu-s in strong nitro-miu-iatic 
acid, and theto wariied it with distilled water. Various kinds of seeds, 
as barley, oats, vetch, clover, and tobacco, were llien sown in it, and 
watered with ^stiUed water, and all grew more or less. 

218. The elementary Ixidics already mentioned, in various states of 
combination, constitute the great bulk of plants. They occur in the 
form of bi nary compounds, as water and oily matters; ternary, as 
starch, gum, sugar, and cellulose; quatermuy, as gluten, albumen, 
caseine, and fibrine The latter compounds seem to require for then- 
composition, not merely the elements already noticed, in the form of a 
basis, called Protcine (C“ 0“ acooriiing to Mulder, or C“ 

H* N* O** according to Idebig), but certain proportions of sulphur and 
phosphorus in addition; tlius, albumen = 10 Pr. q- 1P + IS; fibrine 
s= 10 Pr. + 1 P q- 2 S; caseine = 10 Pr. -f- 2 S. The tissues into the 
composition of which these'proteiiie compounds enter, are tinged of a 
deep orange-yellow, by strong nitric acid ' These comiiounds are lughly 
important in an agricultural point of view, and the consideration of 
them will be resumed when treating of the application of manures. 






INOdl}jUaC CONBnTtrEKTS OF PLAinS. 111'^ 


Inorganic Constituents, and their Sources. 


219. Tlie consideration of the inotganic constituents of plants is no 
less important than the study of their organic dements. The organic 
substances formed by plants are decomposed by a moderately high 
tempcratiire; they easily undergo putrelaction, especially when ex¬ 
posed to a moist and warm atmosphere, and they have not been formed 
by human art. Thdr inoi^janic constituents, on the other hand, are 
not so easily decomposed; they do not imdergo putrefaction, and they 
have been formed artificially by the chemist. 

220. Tlie combustible or orgiuiic part of plants, even in a dried 
state, forms from 88 to 99 per cent, of their whole weight. Conse¬ 
quently, the ash or inorganic igatter frequently con^tfutes a very small 
proportion of the vegetable tissue. It is not, however, on tliis account 
to be neglected, for it is found to be of great importance in the 
economy of vegetation, not merely on account of its entering directly 
into the coratitution of various organs, but also from assisting in the 
production of certain orgsmic compounds. Some of tlte lower tribes of 
cdhilar plants ciin exist apparently without any inorganic matter. 
Tlius Miilder could not detect a particle of ash in Mycoderma vini, 
nor in moulds produced in large quantity by milk sugar. Deficiency of 
inorganic matters, however, in general injures the vigour of plants, and 
it will be foimd that, in an agriciUtiu^ point of view, they require 
particidar attention—^a distinct relation subsisting betw'cen the kind and 
quality of the crop, and the nature and chemical composition of the 
.sod in which it gi'ows. It has been shown by carefizl and repeated 
e.xperiments, that, when a plant is healthy and fairly ripens its seeds, 
the quantity and quidity of the ash is nearly the same in whatever 
soil it Ls grown; and that, when two different species are grown in the 
same soil, the quantity and quality of the ash varies—^thc difference 
Ijeing greater the more remote the natural affinities of the plants are. 

221. Tlie inorganic elements of plants and their combinations, are 
thus given by Johnston:— 


Chlorine (Cl.) 
Iodine (I.) 
Bromine (Br.) 

Sulphur (S.) 

Phosphoma (P.) 
Potassium (K.) 

Sodium (Na.) 

Calcium (Ca.) 


combined with metals forming chlorides. 

.metals ... iodides. 

.metals ... bromides. 

f .metals ... sulpfaurets. 

1 .I-''*- - {S'&SpSS- 

.oxygen ... sulphuric acid, 

.oxygen ... phosphoric acid. 

{ ...' ...'oxygen ... potasso. 

.chlorine ... chloride of potassium. 

(.oxygen ... soda. 

\ ."u.- - rjssliss- 

?.oxvgen ... lime. 

1 .chlorine ... chloride of calcium. 


or 
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in 


Magnesium (Mg.) combined with oxrgen Sinning magnesia 

Alnminnm (AJU) .oxygen ... alumina. 

Silica (Si.) .‘ oxygen ... silica. 


Iron (Fe.) 
Manganese (Mn. 
C!opper(Cn.) 


■'} 


oxymn 

sulphur 


f oxides 
4 and 
(snlphurets. 


222. The quantity of inorganic mattejr or ash left by plants, varies 
in diffra-ent species, and in different parts of the same plant. 'Ihe 
dried leaves usually contain a largo quantity. Saussure found that— 


Dried bark of Oak gave.60 of ash in 1000 

Dried leaves.53 . 

Dried Alburnum. 4 . 

Dried duramen... 3 . 


The dried leaves of Elm contain more %an 11 per cent, of inorganic 
matter, while the wood contains less than 2 per cent.; the leaves of 
the Willow, 8 per cent., wood, 0'45; leaves of Beech, 6'69, wood, 
0‘36; leaves of Pitch-pine, 3’5, wood, 0‘25. Thus, the decaying 
leaves of trees restore a large quantity of inorganic matter to the soil. 

223. The foDowing tables show the relative proportion of inorgjinic 
compounds present in the ash of plants;— 


According to Sprengcl, 1000 lbs. of wheat leave 11 •77 lbs., and of wheat 
straw 35*18 lbs. of ash, consisting of— 


Potash.. 

Soda. 

Lime.. 

Magnesia... 

Alumina with trace of iron 

Silica. 

Sulphuric acid. 

Phospholic acid . 

Chlorine.. 


Grain. 

Straw, 

2*25 

0-20 

2*40 


0*96 

2*40 

0*90 

0*32 

0*26 

0*90 

4*00 


0*60 


0*40 

1*70 

0*10 



11 •77 lbs. 35-18 Ihs. 


In 1000 lbs. of the grain of the Oat, are contained 25*80 ll)s,, and of the dry- 
straw 57*40 lbs, of inorganic matter, consisting of— 

GnUii. Straw. 


Potash. 1‘50 

Soda. 1-32 

Lime..'...0*86 

Magnesia.... .K . 0*67 

Alumina. 0*14 

Oxide of iron. *0*40 

Oxide of manganese. 0*00 

Silica..19*76 

Sulphuric acid. 0*35 

Phosphoric acid. 0*70 

Cihlorine.'.. 0*10 


8*70 
0*02 
1*52 
0*22 
0*06 
0*02 
0*02 
s 45*88 
0*79 
0*12 
0*05 


25*80 lbs. 


57*40 lbs. 
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In 1000 lbs. of the field Bean, field Pea, and Bye-^ass hay, after b^ng dried in 
the air, the following is the amount of ash, and its eomposition 


Potash . 

Field Bean, 

Seed. straw. 

..4-1.5 ... 16-.56 ... 

Field Pea. 

Seed. Straw. 

... 8-10 ... 2-3.5 .„ 

Ryo-graas 

Hay. 

.... 8*81 

Soda . 

.8-16 .. 

. 0-50 ... 

... 7-89 

... — .. 

.... 3-94 

Lime . 

. 1-65 . 

. 6-24 ... 

... 0-58 

... 27-30 .. 

.... 7-34 

Magnesia. 

..1-.58 . 

. 2-09 ... 

... 1-36 

. 3-42 .. 

.... 0-90 

Alumina. 

..0-34 . 

. 0-10 ... 

... 0-20 

... 0-60 .. 

.... 0-31 

Oxide of Iron . 

.. — . 

. 0 07 ... 

.... 0-10 

... 0-20 .. 

.... —* 

Oxide of Manganese. 

.. - . 

. 0-05 ... 

... — 

... 0-07 .. 

.... - 

Silica . 

..1-26 . 

. 2-20 ... 

... 4-1-5 

... 9-96 .. 

.... 27-72 

Sulphuric acid . 

..0-89 . 

. 034 ... 

... 0 .53 

... 337 .. 

.... 353 

Phosphoric acid. 

..2-92 .. 

. 2 26 ... 

... 1-90 

... 2-40 .. 

.... t0 25 

Chlorine. 

..0-41 ., 

. 0.80 ... 

... 0-38 

... 0-04 .. 

.... 006 


21-36 

31-21 

24-64 

49-71 

52-86 


224. Dr. E. D. TlionisalB givds the following analysis of the inorganic 
matter in the stem and seeds of Lolium perenne:— 



Stem. 

SeecL 


.64*57 . 

. 42*28 


.12*51 . 

. 18-89 



. 3*12 





. 

. 3-61 


. 4*01 . 

. 5-31 


. 6*50 . 



.. 0*36 . 

. 2-10 


.. 8*03 . 

. 4-80 

Soda. 




225. These substances are variously combined in plante, in the form 
of sulphates, phosphates, silicates, and chlorides. Some plants, as 
Wlieat, Oats, Barley, and Eye, contain a large quantity of SUica in 
their straw; others, such as Tobacco, Pea-straw,Meadow-dover, Potato- 
hauhn, and Sainfoin, contain much lime; while Ttu’nips, tieet-root, 
1 ’otatocs, Jerusalcm-artichoke, and Maize-straw, have a large proportion 
of salts of potash and soda in their composition. Sulphates and phos- 
jJiates are required to supply part of the material necessary for the 
composition of the nutritritive paoteine compounds found in grain. 

226. miicB abounds in Grasses, in. Equisitem, and other plants, 
giving finnness to their stems. Ihe quantity contained in the Bam¬ 
boo is veiy large, and it is occasionally found in the joints in the form 
of Tabashecr. Eeeds, from the quantity of siliceous matter they con¬ 
tain, are said, during hurricanes in warm climates, to have actually 
caused conflagrations by striking against each other. In the species 
of Equisettun, the silica m Ihe ash is as follows:— 

I 
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Asli. 

SUlca. 


.13-84 . 

. 6*38 


.15-flO . 

. 6*50 


.11*81 . 

. 8*75 

-Telmateia. 




The third of these furnishes Dutch Bush, used for policing mahogany. 
The silica is deposited in a regular manner, forming an integral part 
of the structure of the plant Many insoluble matters, as silica, seem 
to be deposited in cells by a process of decomposition. Thus, silicate 
of potash in a vegetable sap may be mixed with oxalic acid, by whidi 
ox^te of potash, and silicic acid will be produced, as in the cells of 
Grasses and Equisetum. Ohara translucens has a covering of siliciit 
add, while C. vulgaris has one composed of silicic acid and carbo¬ 
nate of lime; and Ohara hi^ida has a covering of carbonate of lime 
alone. 

227. Une is fotmd in all plants, aud in some it exists in large 
quantity. It occurs sometimes in the form of carbonate on the sur¬ 
face of plants. Tlxus, many of the Oharaciiac have a calcareous encrus- 
• tation. The crystals or raphides (If 18) found in the ctdls of plants, 

have lime in tiieir composition. 

228. sada Bad Potaiih Occur abundantly in pliints. 'Diose grow¬ 

ing near the sea have a large proportion of soda in their eomjwsition, 
while those growing inland contain potash. Various species of Salsola, 
Salicomia, Halimocnemum, and Kochia, yield soda for commerdal pur 
poses, and are called Halophytes iK;, salt, and plant). Hie 

young plants, according to Gbbcl, furnish more soda th.an the old ones 
There are certain spedes, as Armeria maiitima, Cochlcaria officinalis, 
and Plantago maritlma, which are found both on the sea-shore, and 
high on the mountains removed from the sea. In the former situation 
they contain much soda and some iodine; while in the latter, accord- 
to Dr. Dickie, potash prevails, and iodine disappears. 

229. Iraa, maaRaneiw, aad Capper, especiaOy the two last, exist 
in small quantity in plants. Copper was detected, by Sarzeim, in 
coffee. 

280. All these inorganic matters are derived in a state of solution 
from the soil, and plants are said to have, as it were, a power of sdee- 
tion, certain matters being taken up by thdr roots in preference to 
others. Saussure made a series of bxixeriments on this subject, and 
stated that when the roots of plants were put into solutions contain¬ 
ing various saline matters in equal proportions, some substances were 
taken up by imbibition in larger proportion than others. Bouchardat 
doubts the accuracy of Saussure’s conclusions on this point He thinks 
that errors arose from the excretions of the plants and other causes. 
He performed similar experiments with plants of Mint, which had been 
growing for six months in water previous to experiment, and he found 
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that in cases of mixed salts in water, the plant absorbed all in equal 
proportions. Daubeny states, that if a particnlar salt is not present, 
the plant frequently t^es up an isomorphous one. 

231. The differences in the absorption of solutions depend, per¬ 
haps, on the relative densities alone, and not on any peculiar selecting 
power in roots, for it is well known that poisonous matters are absorbed 
as well as those which are wholesome. The following experiments show 
that poisonous matters in solutions, varying from half a grain to five 
grains to the ounce of water, are taken up by roots, and that some 
substances which are poisonous to animals do not appear to act ener¬ 
getically upon plants;— 


Chloride of zinc, ( 

Sniphnto of zinc, 

Sulphate of copper, 
Nitrate of copper. 
Acetate of copper, 

Hichloridc of mercury, 

Arscnious acid, 

Arseniate of potash. 
Acetate of lead, 

Bichromate of potiish. 

Nitrates snlphateof iron. 
Chloride of barium. 
Nitrate of baryta. 

Nitrate of strontia. 

Muriate, sulphate, and) 
nitrate of lime, f 

Sulphate and muriate') 
of m.igncsio, / 

rhosphate of soda. 
Chloride of sodium, 


Growing Plante. 

1 beans, 

. cabbages, and wheat, 

. beans, 

. beans, 

. cabbages, 
fbeans, 

, < wheat, 

(.cabbages, 
cabbages and wheat, 
barley and cabbages, 
beans, 

cabbages, beans, barley, 

beans, 

beans, 

cabbages and wheat, 
beans. 


y quickly destroyed. 


beans, 

beans and cabbages, 

beans and cabbages, 
beans and cabbages. 


} weak solutions did not 
destroy. 

destroyed in n few days. 
( destroyed unless much 
'( diluted, 

destroyed in a few days. 

j. quickly destroyed. 

J plants uninjured, except 
' \ solution strong. 

J improved when very di- 
i luted. 

J injured, and if strong 
I destroyed. 

no injury when dilated. 


232. Botatioa of Crops. —As the inorgiuiic materiab which enter 
into the composition of plants vary much in their nature and relative 
proportions, it is evident that a st)il may contain those necessaiy for 
the ^owth of certain spedcs, ^vhile it may be deficient in tiiose 
rc.ijuiied by others. It is on this principle that the rotation of crops 
] roceeds; those plants succeeding each other in rotation which require 
flifferent inorganic compounds for their growth. In ordinary cases, 
except in the case of veiy fertile virgin soil, a crop, by being constMtly 
grown in successive years on the same field, will deteriorate in a 
marked degree. Dr. Daubeny has put this to the test of experiment, 
by causing plants to grow on the same and different plots in successive 
years, smd noting the results;— 
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Potatoes, 

Flax, 

Beans, 

Barley, 

Tnmips, 

Oats, 


fin the same plot., 
fin different plots. 

/same. 

^different. s . 

/same. 

Idifferent. 

jsame. 

{diflhrent. 

{ same. 

different. 

{ same. 

different. 


Average of S years. 
, 72-9 lbs. tubers. 
. 92'8 — — 

15-0 lbs. 

19-9 

82-8 

34-8 

300 

46-5 

104-0 

173-0 

28-0 

32-4 


Q his shows a maaiifest advantage in shifting crops, varying from 1 to 
75 per cent.; the deficiency of inorganic matter being the chief cause 
cf ^fference. As tliis matter is shown to be of great importance to 
plants, it follows that the composition of soil is a subject requiring 
special notice. 


CHEMICAI, COMPOSITON OF SOILS. 

233. Soils have been divided in the foUoiving way, according to the 
proportion of clay, sand, and hme, which they possess 

1 . Argillaceous soils, possessing little or no calcareons matter, and above 

50 per cent, of clay. 

2 . Loamy soils, containing from 20 to 50 per cent, of clay. 

3. Sandy soils, not more than 10 per cent, of clay. 

4. Marly soils, 5 to 20 per cent, of calcareous matter. 

5. Calcareous soils, more than 20 per cent, of carlmnate of lime. 

6 . Humus soib, in which vegetable mould abounds. 

Below the superficial soil there exists what is called subsoil, which 
varies in its composition, and often differs much from that on the 
surfece. Into it the rain carries down various soluble inorgiinic mat¬ 
ters, which, when brought to the surface by agricultural operations, sis 
trenching and subsoil ploughing, may materially promote the growth 
of crops. 

234. Bnmas, or decaying woody fibre, exists in soils to a certain 
amoimt. This has been called also uhums, or coal of humus. In a 
soluble state it forms hiunic and ulnuc acid. Humus absorbs ammo¬ 
nia, and it is slowly acted upon by the atmosphere, so as to form car¬ 
bonic acid by combination with oxygen. Peaty soils contain much of 
this substance. When peroxide of iron is present in such softs, it 
loses part of its oxygen, and is converted into the protoxide. 

233. suica in greater or less quantity, is found in all soils; but it 
abounds in sandy softs. In its ordinary state it is insoluble, and it is 
only when acted upon by alkaline matter in the soil that it forms com¬ 
pounds which can be absorbed by plants. Silica, in a soluble state. 
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exists in minute quantities in soils; the proportion, according to John¬ 
ston, varying from 0'16 to 0’84 in -100 parts, while the insoluble 
siliceous matter varies from 60'47 to 83’31 in 100 parts. Wiegman 
and Polstorf found that plants took up the silica from a soil composed 
entirely of quartz sand, from which eveiy thing organic and soluble 
had been removed. The following table shows the plants which ger¬ 
minated, the height to which they grew previously to being analysed, 
the quantity of sDica they cont^ed when planted, and the increase:— 




Silica in the ash. 

Silica had 


Height 

Seed. 

Plant 

Increased. 

Barley.. 


.. 0-034 . 


.... 10 times. 

Oats. 

.18 — 

.. 0-064 . 

_ 0-354 

H - 

Buckwheat.... 

.....18 — 

,. 0-004 . 

. 0-075 

18 — 

Vetch. 

.....10 — 

.. 0-013 . 


10 — 

Clover. 

. H — •• 

.. 0-009 . 


10 — 

Tobacco. 


.. 0.001 . 

. 0-549 

500 — 


236. Alninina. exists abundantly in clayey soils, but it does not enter 
largely into the composition of plants. It has the power of absorbing 
ammonia, and may prove beneficial in tliis way. 

237. Eiiiiie is an essential ingredient in all fertile soils. In 1000 
lbs. of such soil, there arc, according to Johnston, 56 lbs of lime; 
while barren soil contains only 4 lbs. The presence of phosphoric 
acid in soils, in the form of phosphates of potass, soda, and lune, is 
essential for the production of certain azotisra compoimds in plants; 
and sulphuric acid, similariy combined, is required for the formation 
of others. 

238. A rough way of estimating tiie general nature of a soil, is thus 
given by professor Johnston:— 

1. Weigh A given portion of soil, heat it and dry it. The loss is water. 

2. Bum what remains. The loss is chiefly vegetable matter. 

3. Add muriatic acid to residue, and thus the quantity of lime may be 

determined. 

4. Wash a fresh portion of soil to determine the quantity of insoluble 

siliceous sand. 

Such an analysis, however, is by no means sufficient for the pur¬ 
poses of the farmer. 

289. The chemical composit»n of a plant being known, conclusions 
can be drawn as to the soil most suitable for its growth. This is a 
matter of great importance both to the farmer and to the planter. In 
order that a plant may thrive, even in a suitable soil, exposiue and 
altitude mtist also be taken into account. It is only by attention to 
these particulars that agricultural and foresting operations can be 
successful As regards trees, the following practical observations are 
given as an illustration of what has been stated. The Scotch iir 
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thrives best in a healthy soil, incumbent on a pervious subsoil, and at 
a high altitude; Larch in loam, mth a dry subsoil, in a high situa¬ 
tion, and on sloping banks; Spruce and silver firs, in soft loam or 
praty soil, in a low moist situation, but they will also ^ow in a dry 
soil, and in a pretty high altitude; Oak in any soil and situation under 
800 feet above the level of the sea, but it thrives best in clayey loam, 
on a rather retentive subsoil, and on gently sloping ground; Ash and 
Elm, on a gravelly loam, on gravel or sand, at an altitude under 
500 feet above the level of the sea; Sycamore, at 100 feet higher 
than the ash or elm, and in a more retentive soil and subsoil; Beech, 
on a dry gravelly soil, and in a rather high situation, but it is often 
luxuriant on strong retentive clay, and in a low damp situation. 


APPUCATIOM OF MAKl'BE. 


240. If the soil does not contain the ingredients required for a 
crop, they must be added in the form of manure. The principle of 
manuring is to supply what the plant cannot obtain fi'om the soil, and 
to render certain matters already in the soil available for nutrition. 
In order that this may be properly practised, there must be an 
analysis of the soil, of the plant, and of the manure. Hence the im¬ 
portance of agricultural chemistry to the fiumer. 


Varims kinds of Mamire. 



241. Nataml ntanrea, as farm-yard dung, are more valuable than 
8inq)le manures; inasmuch as the former fiimish all the substances 
required for the growth of plants, while the latter only supply a 
particular ingredient. The plant itself, in a soluble state, would be 
the best manure. In ordinary fenn-yard manure, the straw is again 
made available for the purpose of the plant. The whole crop of wheat 
and oats, however, cannot be returned to the soil, as psirt must be 
retained for food. A substitute, therefore, must be found for the 
portion thus taken away. This contains both azotised and unazotised 
matters, the former consisting of proteine compounds which supply 
nitrogen for the muscular tissue of man and animals ; the latter of 
starchy, mucilaginous and saccharine matters, which firmish carbon as 
a material for respiration and fat. The object of manuring is chiefly 
to increase the former, and hence those manures are most valuable 
which contain soluble nitrogenous oompoiinds. 

242. The value of manures is often estimated by the quantity of 
gluten which is produced by their application. Hermbst^t sowed 
equal quantities of the same wheat on equal plots of the same ground, 
and manured them with equal weights of difiTerent manures, and fi:om 
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100 parts of each sample of grain produced, he obtained gluten and 
starch in the following proportions:— 



Gluten. 

. 9-2 

Starch. 

66*7 


. 12*0 

.... 62 3 


. 12-2 

.... 63*2 

Horse do. 

. 13-7 

61-6 


... 32*9 

.... 42*4 


. 32-9 

.... 42*8 


. 33*1 

41*4 

Dried Ox blood. 

. 34-2 

41-3 


243. Manures containing ammonia, owe their excellent qualities to 
the nitrogen which enters into their composition; hence the value of 
sulphate of ammonia, ammoniacal liquor of gas-works, and urine. The 
value of guano, or the dung of sea-fowl, depends chiefly on the ammo¬ 
niacal salts, and the phosphates which it contains; thus supplying the 
nitrogen and phosphorus requisite for the proteine compounds whicl\ 
contain the dements of flesh and blood. Tlie guano, which is 
imported, is the excrement of numerous sea-fowl which frequent the 
shores of South America and Africa. It often contains beautiful 
specimens of infusoria, as Campylodiscus, Coscinodiseus, &c. The 
guano found in caves on the coasts of Malacca and Cochin-China, is the 
produce of frugivorous and insectivorous bats, and of a species of 
swallow—the last being tlie best 

244. The following analyses by Dr. Colquhoun of Glasgow, which 
are the result of an examination of a large number of samples, ^ve a 
genei’al idea of the composition of guano. The term ammomoicaJL 
matter includes urate of ammonia and gther ammoniacal salts, n 
oxalate, phosphate, and muriate, as well as decayed organic matter oT 
animal origin. Tlie term hone earth, includes posphate of lime 
(always the principal ingredient), phosphate of magnesia (always in 
small amount), oxalate of lime; and m African guano, a minute 
quantity of carbonate of lime, and from 4 to 2 per cent of fragments 
of sea shells. The fixed alkdine salts, are various salts of soda, as 
muriate, phosphate, and sulphate; a little of a potash salt has been 
detected. 

South AiHerican Guam. 


Fine Cliinciiu. MiUdlinfi Inferior, l/iw Qualities, 

Ammoniacal matter. 62 42 28 !2 ... 16 

Bone earth.. 20 24 30 60 ... 37 

Fixed alkaline salts.10 U 21 10 ... 5 

Eock, sand, earth. 0-5 . 5 8 . IS ... 84 

Water . 7-5 . 15 18 ...... 13 ... 9 


100-0 


100 


100 


100 


100 
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Africm Guam. 


Ammoniacal matter... 

Bestlchaboe. 

Inferior. 

28 

Low Qoalitv. 
. 20 

Bone earth. 


21 

17 

Fixed alkaline salts.... 


16 

14 

Bock, sand, earth. 


3 

23 

Water.. 


32 

24 


100 

100 

100 


245. The guano from the islands on the British coasts, contains the 
same ingredients, but the soluble salts are generally washed out by 
the action of rain. The following is the analysis, by Dr. E. D. 
Thomson, of guano gathered on Ai^ Craig:— 


Water. SO'30 

Organic matter and ammoniacal salts, containing 3'47 per 

cent, of ammonia.. 12 -50 

Phosphates of lime and magnesia. 12-10 

Oxalate of lime. 1*50 

Sulphate and phosphate of potash, and chloride of potassium 1'00 
Earthy matter and sand. 15.00 


246. Umiile nianBMa supply only one or two of the materials re¬ 
quired for the growth and nourishment of plants. The emmoniacal 
liquor of gas-icorh, in a very diluted state, has l>een advantsigeously 
applied to the soD, on account of the nitrogen which it supplies. Soot 
hM also been used, from furnishing salts of ammonia. Nitrates of 
potash emd soda have been recommended not only on account of the 
alkalies, but also on account of the nitrogen which they contain, in the 
form of nitric acid. The quantity of gluten is said to be inci'cased by 
the use of nitrates. Ccaionate of potash and soda and chloride of 
sodium, are frequently used as manures. 'The latter is especially use¬ 
ful in the case of plants cultivated inland, which were originally 
natives of the sea-shore, as Cabbage, Asparagus, and Sea-kale. As 
lime is found in all plants, the salts containing it are of great import¬ 
ance. It may be used in the caustic state with the view of decom¬ 
posing vegetable matter, and aiding in the formation of carbonic acid. 
It also neutralizes any acid previoi^y in the soil, as is said to occur 
occasionally in boggy and marshy land, abounding in species of Juncus, 
Cafex, and Eriophorum, with some Callima -viilgaris. Lime also 
combines with certain elements of the soil, and sets potash free, which 
reacts on the silica, and renders it soluble. lime is sometimes -wadied 
down into the subsoil; and, in such cases, trenching improves the land. 
Phosphate of lime is a valuable manure, both on accoimt of the lime, 
and of the phosphorus which it contains. Without the presence of 
phosphates, gluten, and the proteine compounds of plants, cannot be 
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formed. Phosphate of lime exists abundantly in animal tissues; and 
hence it must be fiimished by plants. The use of bone-dust as a 
manure, depends in a great measure on the phosphate of lime which 
it contains. Besides phosphate of lime, bones contain about 3 per 
cent, of phosphate of magnesia, carbonate of lime, and salts of soda. 
The gelatine of bones also seems to act beneficially, by forming car¬ 
bonic acid and ammonia. Bones are best applied mixed with sulphuric 
acid, so as to give rise to the formation of soluble phosphates by de¬ 
composition. They arc broken into pieces, and mixed with half their 
weight of boUing water, and then with half their weight of sulphuric 
acid. The mixture is applied to the soil, either in a dry state by 
the drill, with saw-dust and charcoal added, or in a liquid state diluted 
with 100 to 200 waters. Phosphates and other inorganic matters, 
sometimes exist potentially in the soil, but in a dormant state, re¬ 
quiring the addition of something to render them soluble. Allowing 
the ground to lie fallow, and stirring and pulverizing it, are methods 
by which air and moisture are admitted, and time is allowed for the 
decomposition of the materials, which are thus rendered available for 
plants. Sulphur exists in considerable quantity in some plants, as 
Crucifene, and it forms an clement in klbumen; hence the use of 
sulphuric acid and of sulphates as manures. Sulphate of lime or 
gypsum, is well fitted as a manure for clover. It acts in supplying 
sulphur and lime, and in absorbing ammonia. Charcoal in a solid 
state, has been applied with advantage as a manure. It acts partly 
by taking up ammonia in large quantities, and partly in combining 
slowly with oxygen, so as to form carbonic acid. The effects of car¬ 
bonic acid on vegetation are said to be remarkably conspicuous in 
some volcanic countries, in which this gas is evolved from the bottom 
of lakes. When it accmuulates in large quontides, however, it destroys 
plants as well as animals. 

247. iHaBBriBK wji.li Oreeii Crops is sometimes practised. The 
mode adopted is to sow certain green crops, the roots of which extend 
deeply into the soil; and when die plants have advanced considerably 
in growth, to plough them in, and sow a crop of some kind of grain. 
In this way the nutritive matter from the deeper part of the soil is 
brought within reach of the roots of the grain crop. Manuring witli 
Kca-weeds is also resorted to in cases where they are accessible. They 
supply abundance of carbonate, pliosphate, and sulphate of lime, besides 
dilonde of sodium. There are considerable differences in their diemical 
composition; dius, while in Laminaria saccharina, alkaline carbonato, 
potash, and iodine, predominate; in Fueus vesiculosus and sermtus, 
sulp^tM and soda are in excess, and iodine is less abundant. In the 
cultivation of the Coco-nut Pahn, Mr. M‘Nab finds that sea-weeds act 

avery beneficially. 

248. nfunm hare of late years been much employed, and 
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the formation of tanks for their reception has been strongly recom¬ 
mended, in which the ammonia is fixed by the addition of sulphuric 
acid or charcoal They can be applied after vegetation has advanced, 
and they are in a state to be made at once available to the crop. More 
recently some have advocated a system of steeping seeds and grains in 
certain solutions before sowing them. Professor Johnston suggests 
a mixture of phosphate of soda, sulphate of magnesia, nitrate of potash, 
common salt, and sulphate of ammonia (1 lb. of each), in ten gallous 
of water, to steep 300 lbs. of seeds, which are to be afterwards dried 
with gypsum or quicklime. 

249. Ihe following experiment, conducted by Mr. Wilson, at Knock, 
near Largs, shows the mode of estimating the effects of manures. The 
laud was a piece of three-year old pasture, of uniform quality. It was 
divided into tea lots, and these were treated with different Muds of 
maimre. The quantity of well-made hay is ^ven in Ihs. *.— 

J'roilactf ituta 

per Lot. per Am. 


TjOt I.—Ijoft UTitottched. 420 3360 

“ S .— hands Irish quicklime. . 602 4816 

“ 3 — 20 cwt. Lime of gas-norks, . 631 .’>208 

4 .— 4^ ewt. Wood charcoal powder, . 665 .MaO 

" 5 — 2 bushels Bone-dust, . 603 5544 

“ 6— 18 lbs. Nitrate of potASh, .. 742 5936 

“ 7 — 20 lbs. Nitrate of soda,. 7S4 6272 

“ 8— 2^ bolls Soot,. 819 . 6552 

“ 9 — 28 lbs. Sulphate of ammonia. 874 6776 


“ 10.—100 gallons Ammoniacul liqnor of gas-works.> „ 

5“ Tweddell’s hydrometer,.../ "* . 

The value of each application was the same, all were applied at the 
same time, and the grass also was cut at the same time. 

250. Plants are thus employed to form from the atmosphere and 
soil those organic products which are requisite for the nourishment of 
man and animals. - While an animal consumes carbon so as to form 
carbonic acid, gives off ammonia in various excretions, transforms 
organized into mineral matters, and restores its elements to air and 
ea^; a plant, on the other hand, fixes carbon in its substance and 
gives off oxygen, forms from ammonia solid compounds, transforms 
mineral into organized matters, and derives its elements from the air 
and earth. Thus, says Dumas, what the atmosphere and soil yield to 
plants, plants yield to animals, and animals return to the air and earth, 
a constant round in which matter merely changes its place and form.* 

* Fw fuller parttculan iw to the food of plunta, analysee of plante, eoflii, manures, and rota¬ 
tion of crops, see Johnston's Lectures on Agricultural Chemistiv; Liebig's Works; Dumas on 
Organic Nature; Da^'s Agricultural Chemistry, by Shier; Mulder’s Cbemistiy of Organic 
Boaiea translated by Fromherg; and various Papers in the Quarterly Journal of Agrtciuture 
1844-46; Saussure’s Works; Daubeny on Botatlon of Crops, Phil Trans. 1S4S; Dousatngault, 
Economle Bnrale. 
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EPIPHITIC iKB FABABITIO PLANTS. 

251. Some plants grow without any attachment to the soil, and are 
able to derive in a great measure, from the atmosphere, all the ma¬ 
terials required for thmr growth. Such plants are called Epiphytes (It/, 
upon, and /pi/ren, a plant), or air-plants, and may be illustrated by the 
Tillandsias, Bromelias, and Orchids of warm climates. Such plants, 
when attached to the stirface of trees, may perhaps derive some nourish¬ 
ment from the inorganic matter in the decaying bark; but they do not 
become incorporated, so to speak, with the trees. 

252. There are other plants, however, which are true Parasites (vu^d, 
beside, and (riro{, food, deriving food from .another), sending prolon^- 
tions of their tissue into other plants, and preying upon them. Many 
Fungi, for instance, develop their spores (seeds) and spawn (mycelhan) 
in the intoiior of living or dead plants, and thus cause rapid decay. 
The disease of com, called smut and mst, and the dry rot in wood, are 

due to the attacks of those parasitic f'ungi. The minute dust or powder 
j>rodaced by these plants, consists of millions of germs which are Caaly 
li-uTied about in the atmosphere, ready to fix themselveS OH any plants 
where they can find a nidus. There are also flowering plants which 
grow parasitically, and they may be divided into two classes-, 1. Those 
which are of a pale or brownish colour, and have scales in place of 
leaves; and 2. Those which are of a green colour, and have leaves. 
The former, including Orobanclie or hroom-rapes, Lathrsea or tooth- 
wort, Ctiseuta or dodder, derive their nourishment entirely from the 
plant to which they are imited, and seem to have little power of elabor¬ 
ating a peculiar sap; while the latter, as Loranthus, Viscum or misle- 
toe, Alyzodendron, Thesium, Euphrasia, Melampyrum, and Buchnera, 
expose the sap to the action of air and light in their leaves, and thus 
allow certain changes to take place in it. The Misletoo, from its power 
of elaboration, is able to grow on different species of plants, as on the 
apple, beech, oak, &c. Some of these parasites are attached to the roots 
of plants by means of suckera, as in the case of Broom-rapes, Tooth- 
wort, and Thesium; while others, as Dodder, Misletoe, &c., feed upon 
the stems. The plants to which the parasites are attached give origin 
frequently to their specific names. The species of Cuscuta or dodder, 
inhabit ^ the tempemte and warm parts of the globe, and are peculiarly 
destructive to clover and Unt They are produced from seed which at 
fi 1 St germinates in the soil like othef plants; but after the stem has coiled 
■ losely round another plant, and becomes attached to it by means of 
suckers, then all connection with the soil ceases, and the Dodder con- 
tmues its life as a parasite. A remarkable tribe of parasites, called . 
Eafflesias, has been fotmd in Sumatra and Java. They are leafless, and 
produce brown-coloured flowers, which are sometimes three feet in 
diameter. On accotmt of their only producing a flower and root, 
they are denominated Rhizemths (i/^a, a root, and £pfo(, a flower). 
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2.—ABSOBKHOK and ClBOCLATlON OF FlIHIM. 

258. While the leaves and other aerial organs of plants have the 
power of absorbing fltdds, it is chiefly in the roots that this-prooess takes 
place. The cells of the sponpoles or fibrils of the rootSj are covered 
by a very delicate membrane (T 120), which allows the imbibition of 
fluids to proceed rapidly; and as additions are made to their extremi¬ 
ties, they are constantly placed in circumstances favourable for the re¬ 
ception of fresh nutriment The nutritive materials in the soil, partly 
derived firom the decomposition of organic and inorganic materials, 
and partly from the atmosphere, are supplied to the roots in a state of 
solution; and as the substances in the c^ of plants are usually denser 
than the extMnal fluid matters, a process of endosmose takes place by 
which the latter pass through the cell-membrane in large quantities, 
while a small portion of the former is given off or excreted by exosmose. 
These movements have already bem alluded to as taking place be¬ 
tween fluids of difiTerent densities, when separated by an animal or 
vegetable membrane (f 27). They are referred by some to electrical 
agency, and they perform m important part in the motions of vege¬ 
table fluids..'' . 'I, 

264. Endosmose and Exosmoso, then, are the names given to the 
phenomena of mixture through a membrane accompanied with change 

of volume. The former being given when the volume 
increases by an in-going strong current, the latter when 
the volume diminishes by an out-going weak current. 
In most cases, but not all, the dense fluid increases. 
The rapidity of the mixture depends on the position 
which the denser fluid occupies being quicker when it 
is uppermost. In fig. 222 is represented the mode 
of showing endosmose by means of a bladder full 
of syrup, which is attached to the end of a tube and 
immersed in water. In this case the water passes 
rapidly into the bladder by endosmose, so that the fluid 
rises in the tube, while a portion of the thicker fluid 
passes out by exosmose. The force of this endosmose 
may be measured by a graduated tube, as in the figure, 
or by a tube with a double curvature, as fig. 224, the 
lower part of which is filled with mercury. In the 
latter case, the m?rcury is pushed upwards into a 
graduated tube, and thus an endosmosmeter a 

measure), or measure of the force of endosmose, is formed. 

265. Dutrochet found that with a membrane of 40 millimetres* in 

* A millimetre is about 2-2S£h of an BngUsh inch. 

Fig. 232.—liutnunent to show Endosmose and Exosmose, consisting of a bladder ctmtaining 
syrup att^ed to a tube, and plunged in a vessel of water. The inward motion of tlie water 
'eadoonose) exceeds the outward movement of Uie syrulfi (exosmose). 
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diameter, a tube of 2 millimetres, and a solutien of sngar, the density 
which was 1-083, the fluid rose 39 milUmetTM ii the space of ah' 
hour and a half; vdth syrup, of density l-145,'i&e rise was 68 milli¬ 
metres; and with syrup, of density 1-228, thh rise was 106 milli¬ 
metres. Syrup of density 13, produced a current capable of raising 
a column of mercury of 127 inches, which is equal to a pressure of 
atmospheres. Ihus the velocity and force of (She rise depends 
on the excess of density of the interior liquor ove^ that of the water 
outside. Different substances act with various intensify in pro¬ 
ducing endosmose. The following ratio expresses the variable in¬ 
tensity of endosmose, in different cases in which the densily of the 
solution was the same:—Solution of gelatine, 3; of gum, 5'17; of 
sugar, 11; of albumen, 12. In order that endosmose and exosmose 
may take place, the liquids must have an affinity for the interposed 
membrane, and an affinity for each other, and be miscible. Accord¬ 
ing to Matteuccd and Cima, the interposed m^brane, whether animal 
or vegetable, is very actively concerned in the intensity and detection 
of the endosmotic current. The different surfaces of membrcfii^ -abo 
act variously, and it is probable that the physiological conditapa of the 
membrane has an important effect. • ' 

250. ITic fluid matters absorbed by the roots are carried upwards 
through the oeUs and vessels of the stem, under the form of ascending 
or crude sap; they pass into the leaves, where thq? are exposed to the 
influence of air and light, and afterwards return through the bark in the 
form of descending or elaborated sap, and a portion of them ultimately 
reaches the root, where it ia eiffier ’ excreted qr mixed with the new 
fluid entering from the soil. , - . .. , : 

257. Aneendins or Crude Map. —In order to show the couiise of the 
fluids in exogenous stems, numerous experiments have been performed 
by Walker, De la Baisse, Burnett, Schultz, and others. These eqnsisted 
in making incisions or notches in the bark and wood of trees at dif¬ 
ferent heights, and noting the points where the sap made its appearance 
at different periods of tihe year, more especially in spring; also in 
plunging plants with their roots entire into pertain coloured solutions, 
and marldug the course of the coloured fl^uids. These experiments 
led to the conclusion that the sap ascends chiefly through tlie alburnum 
or newer wood, proceeds along the upper side of the leaves, and re- 
t(a’ns hy their lower side to tl?e bark and root. If incisions are 
made into the trunk of a tree at different heights early in spring, it is 
found that the discharge of sap takes place, first from the lower parts 
of the incisions, and chiefly from the alburnum; while at a later period 
of the year the discharge, or the bleeding,' occurs on both sides of the 
incision, chiefly from the new wood on the lower side, and from the . 
bark on the upper side. If a plant be plunged into a weak solution 
of acetate of le^ (which is capable of being absorbed), the metal may 
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be detected, first in the new ^rood, next in the leaves, and then in the 
bark. 

258. From the minuteness of the tissue, and the difiiculty of ex¬ 
amining the circulation in a living {tlant, it is not easy to determine 
the vessels through -which the sap moves. Ih its upward course, it 
appears to pass tlmough the recent woody tissue and" the porous vessels, 
and in its downward course throc^h the laiiciferCus vessels and cellular 
tissue of the bark, being also transmitted laterally through the cells of 
the medullary rays. In some cases, -when the bark has been removed, 
and the tree continues to live, the descent or fall of the sap takes place 
by the cells of the medullary rays. In the course of this circulation, 
the sap nourishes the difierent or^ns,‘its carbonic acid and water are 
partly decomposed, combinations take place with nitrogen, protoplasm 
or formative matter is produced, and various secretions are formed in 
the cells and intercellular passages. 

259. Gaseous matters are taken up by the roots of plants and cir¬ 
culated along with the sap, as well as in the spiral vessels. These 
usually consist of common air, carbonic acid, and oxygen. Hales 
showed the existence ofia large quantity of air in the vessels of the 
Vine, and Geiger and Proust have proved that the sap of this plant 
contains much carbonic acid. In some aquatic plants, as Pontederia 
and Trapa, there is a quantity of air contained in the vessels or inter¬ 
cellular spaces, with the -view of floating them. In Vallisneria, the 
large cells in the centre of the leaves are surroxmded by air cavities, 
which are seen as dark lines under the microscope. When cut, the .air 
comes out in bubbles, and this escape will continue rmder water for 
several days, fi-om the part of the leaf attached to the plant, when ex¬ 
posed to the light. An ounce of air has been collected fi-om two 
leaves of the phmt in six days. This air, as well as that contained in 
sea-weeds, does not enter by stomata, for none exist, but must be taken 
up by the cells probably in solution. 

260. Changes take place in the composition and density of the sap 
in its upward cotirse, but the chief alterations take place in the leaves. 
There it is exposed to the influence of light and air, by means of which, 
as -will afterwards be seen, carbon and hydrogen are fixed, oxygen is 
given oflT, and an exhalation of -watery fluids takes place. The sap 
becomes denser, and consequently the process of endosmose is pro¬ 
moted, so that tile fluids pass finm c^ to cell along the upper su^ce 
of the leaf, and are gradually propelled into the lower cells, where 
they are acted upon by the air through the stomata, and are ulti¬ 
mately sent into the vascular and cellular tissue of the bark, where 
fiirther changes take place. 

261. Biaborated or Deseendiiic Bap. —^The elaborated sap is some¬ 
times clear and transparent, at other times it is milky or variously 
coloured and opaque. By Schultz it has been called htex, and the 
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vessels transmitting it have been jiaaonainated laiicifercm (If 88). The 
latex contains granules, which exhibit (sertain movements under ihe 
microscope. ITiese were first noticed by Schultz, who has written a 
very elaborate treatise on the subj^.* On account of these move¬ 
ments in the latex, the laticiferom vessels have been denomina^ 
Cinenchymatous (*/»^, I^ove), and the movements themselves are in¬ 
cluded under the nerae Cyclosis (xJxXsf, a circle.) Schultz looks upon 
the latex as a fluid of viti impca:t^ce, and similar to the blood in 
animals. His vieVs itre opposed by Mohb Tristan, and Treviranus, 
who consider the latex as a granular fluid containing oil, resin, and 
<!aoutchouc, which exhibits molecular movements only when injury is 
done to the vessels containing it. 

262. The plants in which the movements are best observed, are those 
in which the latex is milky or coloured, such as various species of 
Ficus, Euphorbia, and Chelidonium. la fig. 223 there is represented 
a sm^ fragment of a leaf of 
Chelidonium majns (cetoit^he), 
which shows the currents of 
orange granules the lati- 
vessels, their direction 
being by arrows. 

From observations made last 
stunmer, I am disposed to agree 

It 

Mohl remarks, that 
done the part 
examined causes peculiar os- 
cillatQry movements, which 
.speedily - cease. Thus the 
young unexpanded of 

the Cdandine is removed from 
under the 
or file inner 
yoimg .stiptde of 
Ficus elastica be treated in a 
similar manner, very obvious 

motion is seen in the granular contents of the vessels, and this motion 
is affected by pricking.the vessel? or by pressure. In order to avoid 
‘iiilaoy, however, I applied the microscope to the stipules of Ficus 
elastica, while.stiU attached to the plant and uninjured; and I remarked 
that, while pressure with any blunt object on the stipule caused a 

* Nova aettt Acadoniue Cfmr. Leop(dd>CaroL Nutui'te Curios, torn, xviii. 

Fiff. 223. SmaU portion of the leaf of Cholidonlnm majus or Celwdinef (highly magnified), 
snoaing a notworic of latidfei'oas vowels. Tlie direction of the correnta in tlio vessels is intli 
catedhy tlicotrown. 



1S6 


CIBCUU^N Of SHE 9AP. 


marked osdjlation in the Te£»els shoving their conlinuily, there could, 
neve^^ess, 1)6 observed a regular movem^t from the apex towards 
the base, indepeodent o£ extemal influences, when the stipule was 
simply allowed tO lie on flie field of the microscope without any pres¬ 
sure or injury whatever. This movement continued for at least twenty 
minutes during one of the experiments, and I have ho doubt might have 
been observed longer. It is of importance to distinguish between 
those molecular movements which are caused by injury and pressure, 
and those which depend on processes going on m the interior of the 
living plant. My experiments are by no means complete, but they 
lead at present to the adoption of Schultz’s opinion relative to the 
existence of cydoais. 

263. The ^borated sap descends partly by the vessels of latex, and 
par^ by those of the'liber. It has been said that there is sometimes 
a difference in the sap' contained in these two kinds of vessels. Occasion¬ 
ally, as in Euphorbia canariensis, the elaborated sap has acrid properties, 
while the ascending sap is bland and wholesome. The elaborated sap 
contributes to the formation of the cambium, which is produced be¬ 
tween the bark and wood of exogens. 

264. It appears, then, that in the case of Exogenous plants, the 
fluid matter in the soil, containing different substances in solution, is 
absorbed by the extremities of the roots, ascends to the stem, passes 
through the woody tissue, porous vessels and cells, dissolving and ap¬ 
propriating various new substances. Proceeding upwards and out- 
waw, this sap reaches the leaves and the bark, where it is exposed to 
the air, and is elalwrated by the ftmetion of respiration. It then 
retnrns, or descends diiefly throt^h the bark, either directly or in a 
circuitous manner, communicating with the central parts by the 
medullary.rays, depositing various secretions, more especially in the 
baric, and giving oti^ to substances which ore destined to nourish 
and form new tissues. Fmally, it reaches the extremity of the root, 
where absorption had commenced; a small portion is there excreted, 
while the remainder mixes with the newly-absorbed fluids, and again 
circulates in the sap. 

265. Tn the case of Endogenous plants, observations are still wanting 
by which to determine the exact course of their fluids. The vascular 
bimdles contain woody vessels, which probably are concerned in the 
ascent of the sap, and vessels equivalent to those of the bark and of the 
latex, which serve for the descent of it. The cellular tissue is also proba¬ 
bly conceraeS in the movements. Cambium is produced in these plants 
ip the neighbourhood of the vascular bundles, and is dius generally 
diffused through the texture of the stem. In acrogenous stems, it is 
likely that the sap follows the same course as in Endogens, although, 
in regard to both, experiments are still wanting. In celltilar plants, 
transmission of the sap takes place from one c^ to another; and, as 



FBoaB&Kioir of the saf. 


. mi 

their texture Is often delicate, the movements are rapid. Many of 
these, as sea-weeds, when plunged into water, after having been dried 
by evaporation, imbibe the fluid with very great rapidity. 

266. The Oaaae of the rragicMioa of the Sap has been investigated 
Iw Malpighi, Hales, Dutrochet, Draper, Brticke, and liebig. While 
the capiUarily of the vessels in the higher plants operafes to a certain 
degree, it would appear that the process of endosmose is that by which 
the continued imbibition and movement of fluids is chiefly carried on. 
From the loss of its watery.contents, by exhalation, and the meta¬ 
morphoses going on during the process of nutrition and secretion, the 
sap becomes gr^uaUy more and more dense, and thus, throughout 
the whole plant there is a forcible endosmotic transmission of the 
thinner fltdds, and a constant change in the contents of the cells and 
vessels. These movements will of course take place with greater 
vigour and rapidity according to the activity of the processes going on 
in the leaves, which thus tend to keep up the circulation. 

267. Draper attributes the movement of the sap to capfllary attrac¬ 
tion, which he considers as an electrical phenomenon. This attraction 
takes place when a fluid moistens a capillaiy tube, and there can be 
no flow unless a portion of this fluid is removed from the upper ex¬ 
tremity ; for capillarity wiU not of itself raise a fluid beyond tiie end 
of the tuba Evaporation and transpiration, which take place in the 
leaves, remove a portion of the vegetable fluids, and thus they promote 
the capillary action of the vessels. When two fluids of difierent kinds 
come into contact in a tube on difierent sides of a membrane, (which 
membrane being porous, may be considered as made up of numerous 
short capillary tubes), that wfll pass the fastest which wets it most 
completely, or has the greatest affinity for it. Hence, Draper ex¬ 
plains the phenomena of endosmose and exosmose by referring them to 
capillary attraction, mded by transpiration. 

268. Liebig adopts a somewhat amilar view of the phenomena. He 
states that the accurate experiments of Hales have shown the eflfects 
of evaporation and transpiration on the movements of sap. Transpira¬ 
tion thkes place chiefly in clear and dry weather, and consequently is 
regulated by the hygrometric state of the atmosphere. When the 
weather is cloudy and the atmosphere moist, transpiration is checked, 
aiid stagnation of the juices takeis place. The greater the transpira¬ 
tion, ffie greater the supply of fluid necessary. Hence, plants kept in the 
by atmosphere of rooms fede from want of a due supply to compensate 
for transpiration; and hence the importance of pruning plants before 
transplanting them, so as to diminish the evaporating siu&ce, and of 
performing the operation in dull and moist weather, so as to allow the 
absorption of fluids to keep pace with the transpiration. This pro¬ 
cess of transpiration, therefore, by forming a vacuum, assists capillary 
attraction and the atmospheric pressure, and thus the fluids rise. As 
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thefaxxiesscf endoanose aad€xosmose depends on l^e tshemical afSnity 
bet^an the fluids on each side of a membrane, the porosity of the 
membraiie,'and the attraction existing between it and either of the fluids, 
it follows that the nature of the parietM of the cells and vessels of plants 
must have a marked effect on ^eir contents and secretions. 

269. The observations of physiologists and chemists thus lead to the 
oondusion, that the movement of the sap in plants is due partly to the 
changes effected in the leaves and other green parts, by %ht and air; 
partly to capillaiy attraction, the continuous influence of which is kept 
up by the constant loss of fluids; and partly to endosmose and exos¬ 
mose. It may be said that there is a vu a Urgo, without the presence 
of leaves, as shown by the experiments of Hales (fig. 224), comlnned 
with vis a Jronte, depending on the suction-power of the leaves. 

270. When cut twigs or flowers are put into water, their fonctions 
are kept up for some time by endosmose and capillarity. The latter 
power has great influence in such a case, and hence the cleaner the 
cut the better, so that no lacerated or ragged edge may interrupt its 
operation. In these circumstances also sm^ solid particles and colour¬ 
ing mattas will enter the tubes. Boucherie foimd that felled trees, 
the extremities of which were immediately immersed in various solu¬ 
tions, continued to imbibe them with great force and rapidity for many 
days. A Poplar, 92 feet high, absorbed in six days nearly tixty-six 
gallons of a solution of pyroUgnite of iron. 

271. Heat and light have a poweiflil influence on the movements of 
the sap, by promoting transpiration and the action of the cells. After 
the winter’s repose, the first genial sunshine of spring stimulates the sap 
to activity, and after the leaves are expanded, the circulation goes on 
with vigour. The effect of leaf-buds in promoting the movement of 
sap, may be exhibited by introducing a single brancfo of a vine growing 
in the open air into a hot-house durii^ winter, thus exposing it to heat 
and li^t. In thiS' case the leaves are developed, and the fluids are 
set in motion fern the roots upwards, so as to supply this single 
brancfa,ialthou^ in the other branches ^ere is no drculation. 

272. In Bpih% the first effect of light and warmth is to stimulate 
the leaf-buds. 'Iraese enlarge, and the endoanotic process commences 
in their cells. Ihis is communicated to other c^s, and gradually 
extends to the root, which draws up^a contiziued supply of fluids from 
the soil The inatter stored up during the wintra undergoes changes; 
certain substances are dissolved, and ^us the sap is thickened, so that 
the endosmotic process is powerfully increased, and the whole plant 
exhibits an active and vigorous circulation. Towards the latter part 
of the season, when the heat and light decrease, the leaves perform 
thcu functions more languidly, and there is a near approach to equili- 
imufo in the draisdty of the fluids, and ultimately there is a cessation 
If the circulatibn. 
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273. Liebig thinks that in the case of the Tine, in Trhich, acoordh^ 
to Brlioke, me specific gravity of the sap in spring is very little 
more than that water, the rise of ^ 

the sap does not at this season depend 
on endosmose, but on the disengage¬ 
ment of gas, which was shown by 
Hales to be given o£P in large quanti¬ 
ties, when the vessels were cut. The 
gas is conjectured to be carbonic arid 
gas, judging from the experiments .of 
Geiger and Proust, who showed that 
the sap of the vine contains much of 


this arid 

274. The height to which tlie sap 
rises in the case of lofty trees, with 
spreading roots, is very great. The 
force with which it ascend has been 
measured by Hgles^-and is found to 
vary according to the state of the 
weather and the vigour of the plant. 
By fastening a bent tube, containing 
mercury, on the stem of the vine, he 
foimd in one of his experiments, that 
the sap raised the mercury upwards of 
tliirty inches. The apparatus used 
by Hales, is similar to that used 
by Dutroriiet, to measure endosmose, 
as is represented at fig. 224, where 
c is the stem of a vine cut, t is a 
bent glass tube fitted to the cut ex¬ 
tremity of the vine by a copper ring, 
r, carefully luted and secured by a bit 
of bladder, m; n n represents the level 
of the mmeuiy in the two branches 
of the lower curvature, before the 
experiment, and «' n' the level at the 
concluaon of it. He calculated^that 
the force of the sap in the vine, in 
some of his experiments, was five times 
greater than that of the blood in the 
crural artery of the horse. 



Fig. 324. 


fi24.—£xperixQeiit by Hale&i to diow the ibree of ascent of the ^ c, Stock of a vine cat 
t A glass tube with a double eoiratare attached to the iq>per part of the ^ne-stodc» by means 
m a^oopper c^ % which Is secured by means a lute end piece of a bladder, wk na Xsovel d* 
ue cedunm m msneoxf in the two bnmcheB of the tube at the commencement of the e:q>eidzaent. 
w n , jJevel at the conduslon of the experiment 
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27§^ 4peai«l MavamnM wTlHaUta.—Besides ibis genetal carculation 
of ^ sap, special movements have been observed in the cells of 
plants, winch have been indnded under the name of RotaMm {rota, a 
wheel), or Gyration {gyrus, a chouit or (wde). These motions have 
been detected in the cells of many aquatic plants, especia^ species of 
Chaxa and Vallisneria, and in the hairs of Tradescantia. The currente 
proceed in a more or less spiral direction, and are rendered visible 
by the granules of cWorophylle, which they carry along with them. 
There exist also other granules in the fluids, which are coloured 
yellow by iodine, and are probably of a nitrogenous nature. 

276. The species of Chara, in which rotation has been observed, 
are aquatic plants growing in stagnant ponds, and are composed of a 
series of cylindrical cells, placed end to end. Sometimes the plant con¬ 
sists of a single central cdl; at other times there are seveid smaller 
ones surrounding it, which require to be scraped off' in order to see 
the movements. Many of the species are incrusted with calcareous 
matter, so as become opaque, whUe others, as Chara flexilis, included 
under the division Nitdia, have no iucrostation, and arc transparent. 
In these plants the movements take place between the two membranes 
of which the cdl-wall is composed. Some granules, of a green colour, 
are attached to the cell-wall, while others are carri^ with the current, 
which passes along one ^de and returns by the other, following an 
elongated spiral dmection. The descending current in the branches 
is next to the axis. 

277. In Vallisneria spiralis (which includes V. Michcliana and 
Jacquiniana^ the cells in all parts of the plant, as in the leaf, root, 
flower-stalk, and calyx, contain numerous green grantiles, and an 
occasional cytoblast or nucleus, which, rmder. certain circumstances, 
are carried, with the juices of the plant, in continual revolution round 
the walls of each celL Althou^ in different cells the currents pro¬ 
ceed often in different directions, still, in any given cell the rotation is 
uniform; for if stopped by cold it resumes tiie same direction. Rota¬ 
tion will continue in detached portions of the plant for several days, or 
even for tiuree or four weeks. The best way of showing these motions 
is to take a small portion of a young leaf and divide it in halves, by 
making a very oblique section on the plane of the leaf, by which means 
a transparent end is obtained. This should be done at least an hour 
before it is put under the micros<fope. The part is to be viewed in 
water, between two pieces of glass; and a little heat is sometimes use¬ 
ful in causing the movements to commence. 

278. A similar intra-cellular drculation, is seen in species ofPotamo- 
geton, Hydrochar^ and many aquatics, as weU as in the moniliform 
purple hairs on Hie filaments, and in the calycine hairs of Trade- 

. scantia virginica. In the examination of these htirs a higher micro¬ 
scopic power is required than in the case of the plants previously 
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mentioae^' ISie XHtobius in the cells of these bain is usually fixed to 
the Trails, and the mo*rements take place to and firom it, and appear to 
be confined bettreen a ddubk eell-^^lll. Fig. 225 shows a <^ycine 
hair,j), ofTradescantiaVirgirilc^ 
with a small portion of the e^- 
dennis, e e, on which a stoma, s, 
is seen. In each of the cells, 
both of the epidermis and the 
hair, there is a nucleus, n, and 
rotatory currents, the direction 
of which is indicated by that of 
the arrows. In each cell, as 
seen in o, there are sereral cur¬ 
rents, which cross each other 
at tlie point where the nucleus is 
situated, dius giving rise to the 
appearance of an irregular net¬ 
work. Tlie hairs of many otlier 
flowering plants exhibit rotation 
(fig. 86), and it is probable that 
in all yormg cells there are cur¬ 
rents or streams radiating fiiem 
the nucleus. The fluid circulating 
is a mucilaginous protoplasm or 
formative matter, and in Chara 
andVaUisneriaitforms aimiform 
investing layer on the inner sur¬ 
face of the ceU. The motions 
would appear to be connected in 
some way with the nutrition of 
cells and the formation of now 
ones; and, while they continue throughout life in aquatics, they often 
cease in plants living in air, after they have attaiaed a certain develop¬ 
ment. 

279. Some of these movements, especially in hairs, were looked 
upon by Schultz as oeciuring in minute vessels, and therefore he 
included them imder cyclosis. Sohleiden maintains that in the Val- 
llsncaa cells it is not the cell ular sap that is in motion, but a mucUa- 
ginous fluid, with which the chlorophylle granules and the nucleus are 
connected, and which flows in an uninterrupted manner along the cell- 
walls, but on accoimt of its transparency and slight thickness, is not 

Jig. 3M .—jL taken ftwm the calyx of Tradeicantia vlrojnica, with a small portion of the 
epiamnis, e e, on wnich there is a stoma s. In each of tlie eindem^ cells there is a nnclous, fi, 
and, currents (rotation), the direction which are indicated by ttie arrow'a In each cell there 
* currents moving to uid ftom the nucleus, as is well seen at a. la the eloagated ceils 
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fluid, pre^SHt in quantity, and occupying the outer 
piota uf the ocfl-cavity. Mohl thinlcs that a homogeneous protoplasm 
fi^s these cells at first complet^, but that during growth jt becomes 
hdHowed out into one or more cavities, and that around these the 
mumlaginous matter mrculates. In Yallisneria, there is only one 
cavity, while in other plants there are several, pving rise to the 
appearance of mucila^ous streams or lines running from the nucleus 
to the cell-walL These mudla^ous lines, he says, occasionally after 
the drculatioin has ceased, remain permanently on the cell-wall. The 
exutence of ^Lral fibres in cells has been traced to currents of this 
kind. 

280. The velocity of the currents in various plants, at 86' to 68® 
Fahrenheit, is thus given by Mohl:— 

Mamental hairs of Tradescantia virginica,—to of a Parisian line in a 
second; mean, 

Xieaves of Yallisnena spiralis—quickest, slowest, mean, of a 

line in a second. 

Stinging haira of TJrtica haccifera—quickest, slowest, ; mean, x-hf 

Cellalar tissue of young shoot of Sagittaria sagittifolia, to xsW; mean, 

“ " leaf of do., tAoi to ; mean, nrinf 

Hairs of Cucnrbits Fepo—quickest, slowest, mean, 

The measurements were made by noting the passage of the globules 
across the field of a micrometer, fixed in the ocular of the microscope, 
and counting tiie strdces of a second’s pendulum. These movements 
appear more rapid to the observer; but thm it mast be recollected 
that the parts are seen in a highly magnified state. 

281. '^e Cuae of BMutow has not been satisfactorily explained. 

Some attribute it to electrical or magnetic currents causing attrac¬ 
tion and repulsion of the granular contents of cells. The different 
contents of the cells, according to them, mutually act and react on 
each other, and thus give rise to movements similar to those which 
take place on the sur&ce of water when mly or resinous matters are 
added, and which have been called on the surface). 

Becent observations, by Dutrodiet, scmu to show that the magnetic force 
exercises no influence over the movements in Chara. Others believe 
that while heat, and electricity, and physical agents, stimulate these 
movements, they are not the cause of tiiem. Some trace the move¬ 
ments to the presence of the nucleus, and look upon them as connected 
with the pmiod of grovrth when new cells are being formed, and 
as ceasing after the nucleus has disappeared. 

3.^-HBsnBAnoH <a IPunm. 

282. The changes which are produced in the atmoephere ly'livmg 
plants have been induded umlOT the titie of VegetabU Bespiraiim. 


but a denser 


The experiments of Priestly, in 1771, (diowcd plants p^t 
into am atmosphere oontainmg a conddecable proportion of carb<9^ 
aoid, and exposed to Ught, purified thfe air by removing carbon and 
producing or^gen. Air m which animals had died, was thus rendmed 
again fit for breathing. Sdieele made « ser^ of experiments with 
nitrogen in place of carbonic acid, and he fimhd that plants did not 
purify an atmosphere composed of nitrogen alone. The foul air, then, 
in his experiments, differed completely from that in Prieklefys experi¬ 
ments, and hence the differenee of resnlts. Ingenhouz and Senelriei 
performed numerous experiments, which proved that during the day, 
plants gave out oxygen gas, while during darkness, this process was 
suspended. Saussure stated that during the night^ oxygen gas was 
absorbed in different quantities \iij plants. Tkshy pmts absorbed 
least; next came evergreen trees, and then deciduous trees anc 
shruba This absorption of oxygen is attended with the formation a 
carbonic and other adds. It has been said that some leaves,, or 
account of this process of oxidation, are add in the morning, and 
become tasteless during the day. Decandolle, Ellis, Baubeny, anc 
UTunerous other observers, have confirmed the conclusions drawn b} 
the early experimenters. The results of all these observations are 
that plants, more especially their leaves and green. parts, have the 
power of decomposing carbonic add under ^e influence of solai 
light, and of evolving oxygen. While in darkness, no such decom- 
position takes place, oxygen is absorbed in moderate quantity, anc 
some carbonic add is given off The former ja-ocess caused by th( 
deoxidizing power of pl^ts, much exceeds the hitter in amount. 

283. Burnett endeavoured to she# that there are two procease 
constantly going on ih plants, one b^g what he calls digeaj^on, con 
sisting in the fixation of carbon and the evolution of oxygen, anc 
only carried on during the day; the other bemg what he dub pn^per 
reepiraHan, condsting in the evolutiem of carbonic add gas, and 
carried on at all periods of a plant’s growth. He thinks that hb 
experiments prove the dbengagement of carbonic add from the leaves 
eff plants, both duiiog night and during day. These opinions are not 
confirmed ly other experimenters. What b generally called vege- 
t^e respiration, may be regarded as equivalent to digestion, con¬ 
sisting, as it does, of the decomposition of certain matters, and the 
fiiqption of others by a proce» eff assimilation; but there b no evidence 
of the constant elirmnation of carbonio add, in the same way as occurs 
in animal respiratiem. It would appear to be more correct to exm- 
ader the processes in animab and vegetables as opposed. Eespiration 
in the £>rmer beiag the elimination of carbon, while in the latter it b 
the elimination of oxygen. 

284. Ibe change! produced iu the atmosphere, are caused 

fay the superficial green parts of plants. It was ,long ago supposed 



itroctore ^eie to be looked upon as 
or traeb^ ooiu%tog air fiom the stomata ot pbres 
m ^ leav^ ]&iit althoii(^ t^ey oontain aeriform matters, hare 
b^ diovn .to, be not dffe<^j concemed with the change in the 
Mriosphere, and to har^ no immediate connection with the stomatar 
The oxygen evdlTed by |dants, appears to be derived firom the carbonic 
add (CO^, the carbon of which is appropriated, and &oin water 
^0), the hydrogen of which is assimilated. Light is necessary for 
toese decompositions, and it is probable that the alkalies taken up by 
the roots aid the process. 

285. If the leaves of a plant are bent imder an inverted tumbler of 
water, in a pneumatic trough, and exposed to the sim, bubbles of gas 
will soon be given off, wbi& are fonnd to be pure oxygon; and if the 
water contains carbonic add, there wiU be a duninution in its quantity. 
The same leaves in darkness will not evolve any oxygen, light being 
essential for the process. The oxygen derived hum the carbonic 
add may be all evolved, or part of it may in its nascent state enter 
into certain combinations within the plant. The brighter and longer 
continued the light, the more oxygen is given off, and the greater the 
quantity of carbon added to the plant. If a healthy plant is covered by 
a bell jar, and exposed to light for twelve hours, oxygen will be formed, 
and if carbonic add be added to the air, it will gradually diminish, 
while the oxygen will increase. During the night the action is 
reversed, and if the plant is left twelve hours in darkness, the oxygen 
will decrease, while carbonic acid wiU increase. 

286. The fixation of carbon probably takes place gradually, giving 
rise at different stages to the formation of various organized com¬ 
pounds. Thus, two atoms of carbonic acid, by losing one of oxygen, 
become oxalic add; this oxalic add, with the aid of water, may yield 
other acids, firom which by the elimination of oxygen, and the admtion 
of the elements of water, various unazotised matters, as sfemch, gum, 
and sugar, may be derived; these changes being promoted by the 
presence of alkies. The fiction of carbon and hydrogen ftom tiie 
decomposition of carbonic acid and water, gives rise to tiie formation 
of the various secretions found in the bark and external cells, as 


chloropbylle, resins, oils, caoutchouc, and wax. 

287. Carbomo add, as has been already noticed, is taken up in large 
quantity by the roots of plants from tiie soil, and it is also probably 
absorb^ ^m the atmosphere by the leaves. In the interior of plants 
it is changed in various ways, but it is in the leaves more especially 
that its decomposition takes place. At night it is given off unchanged, 
by what Liebig considers as a mere 'process of exosmose, in conse¬ 
quence of the dissolved add being no longer assimilated by the action 
(ff %ht, Others say that carbonic add is not produced by exhalation 
only, hut is also derived from the direct imion between tiie oxygen of 


the air and carbotf of the jdaat.. llik may occor in some plaoia 
-vrithout leaves, as Fimgj, where a direct process of oxidaticiit tak^ 
place in the tn^aoic matters which have been assimikted. The 
quantity of . this add given off during night, is by no means equal to 
that which is absorbed by the plant during the day. 

288. The parts of plants which are not green, seem to absorb oxygen. 
Thus, roots and subterranean organs act in this way, and the presence 
of oxygen seems to be necessary for their growth. Ttdre are also 
certain periods in the life of a plant when carbdoic add is given off 
in large quantity, even during the day, depending on a diemical 
change ta^g place in the starch of the plant, by which it is con¬ 
verted into sugar. Ihese periods are germination, flowering, and 
fniitiiig. The changes 'pToduced will he aHuded to when these 
subjects are considered. When plants are decaying, or are in an 
unhealthy state, they undergo chemical changes, by wJiich carbonic 
add is formed. This was found by Burnett to nave effected the 
results of some of Mr. Ellis’s early experiments. 

289. Certain plants have a great power of decomposing carbonic 
add imder the action of light This is particularly the case with 
aquatics. It is thus that they keep up the purity of the pools and 
ponds in which they grow. Pistia Stratiotes has this effect in the 
Batavian ponds, and Sir H. Davy notices tlio great vigour of aquatic 
plants in the lake SoUatara, where carbonic add was constantly 
bubbling up on the surfaca The oxygenation of the water by aquatics 
has also been observed by Morren of Geneva. 

290. Experiments liave lieen made as to the effect of the different 
rays of the q)ectrum in aiding the decomposition of carbonic add, 
the green parts of plants. ' Draper states that the Ught-giving rays, or 
those nearest the yellow, have the greatest effect; tvMc tiie heat-giving 
and the tithpnic, or chemical rays, had scarcely any influence. The 
experiments of Hunt also lead to the condusion, that the yellow rays 
have most effect in the fixation of carbon, and in the production of 
woody matter. 

291. While the breathing of man and animals, and the various 
processes of combustion, are constantly abstracting oxygen from the 
atmosphere, and substituting carbonic add, plants are decomposing 
this noxious gas, and restoring the oxygen. In tropical countries, 
where the vegetation is luxuriant and the light intense, the fixation of 
carbon and evolution of oxygen goes on with great vigour, thus fur¬ 
nishing a supply to those regions where, during certain periods of the 
year, both vegetation* and heat are defident. 

Effects of certain Gases on living Plants. 

292. It has been already stated that plants can live in an atmos¬ 
phere containing a condderable proportion of carbonic add, provided 
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iivBV &ce tra tTiP Thus, an atmosphere which could not 

he raea&ed by man and aniwiaU is capable of supporting vegetable 
life. ‘ The experiments of Priestley, Perdval, and Saussure, show, 
bfliwever, that plants will not continue to exercise them fenctions in 
inxre carbonic add gas, but that in all cases a certain qumjtity of free 
Oxygen must be present. It has been found that plants do not thrive 
jn pure nitrogen, nor in hydrogen gas. These gases seem to have ho 
dii^ly injurious effects, but to act chiefly by depriving the plants of 
carbon and oxygen. . 

293. There are certain gases which have very prejudidal effects on 
plants, as proved the experiments of Tt^er and Ghristison.* 
Some of them act as irritant poisons, causing local disorganization; 
others as narcotic poisons, inducing a drooping and decay of the entire 
plant. To the former class belong sulphurous acid gas, hydrochloric 
or muriatic add gas, chlorine and nitrous acid gas; wl^e under the 
latter are classed sulphuretted hydrogen, cyanogen, carbonic, oxide, 
and ammoniacal gas. 

294. Mi^knmu AeU Ou is highly injurious to plants. It pro¬ 
duces greyish-ydlow dry-looking spots on the leaves, which gradiudly 
extend until the leaves are destroyed and fall. Ihe effect resembles 
much the ordinary decay of the leaves in autumn, l^e proportion of 
gas, in some experiments, was only 1 in 9,000 or 10,000 parts of air, 
and the quantity jf of a cubic inch; and yet the whole unfolded leaves 
of a mignionette plant were destroyed in forty-eight hours. This pro¬ 
portion of the gas is hardly or not at all discoverable by the smefl. 

295. naztasfe AM Om produced effects similar and scarcely inferior 
to those of the last-mentioned gas. When | of an inch was diluted 
with 10,000 parts of air, it acted destructively on Laburnum, and 
larch, destroying the whole vegetation in less than two days. Even 
when iu quantity-not perc^tible by the smell, it still acts as an irritant 
poison. 

296. flal^uuFettea 9t7«r*geB acted in a different way from the acid 
gases. The latter attacked the leaves at the tips first, and gradual^ 
extended their operation to the leaf-stalks. When in considerable 
proportion, their effects began in a few minutes; and, if (hluted, the 
parts not attacked generally survived if the plants were removed into 
the air. But in the case of sulphuretted hydrogen, the leaves, with¬ 
out being injured in texture or cofour, became flaccid and droopng, 
and the plant did not recover when removed into the air. . It 
required a larger quantity of this gas to produce the effects stated. 
When six inches were added to sixty times their volume of air, the 
drooping began in tai hours. This gas then acts like a narcotic 
poison, by destroying vegetable life throu^out the whole plant at 
once. 


* See Edinburgh Uedicsl and Sorgicol Jonnud, vuL xxrUi. p. 8M. 
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297. These observ^oos point out the great injury which is caused 
to plants by the gases given off during me combustion of coal, and 
xnoxft eq)e(nally by certain chemical works. In the vicinity of the 
latter, the vegetaticm, for a considerable distance around, is often 
destroyed, TOrtioularly in the direction of the prevailing winds of the 
locality, 'fiie atmosphere of large maoufiictaring towns, in which 
iuliginous matter and sulphurous gases abound, is peculiarly hurtM 
to vegetable life. In order to protect plants from such prcjudidal 
influences, Mr. N. B. Ward has invented close glass Cases, in which 
plants can be made to grow independently of the noxious atmosphere 
around.* These Cases consist of a trough containing soil, and a frame 
of glass, which is accurately fitted upon it. The soil is well supplied 
wi& water at first, and after the plants are put in th^ are kept exposed 
to the light. In these circumstances, they will continue to thrive for 
a long time, even for years, without any fresh supply of moisture or 
any ^rect exposure to the air. They are peculiarly fitted for rooms 
where the di^ess of the atmosphere int^eres with the vigour of 
plants, by causing greater exhalation than can be compensated by 
the absorption of moisture by the roots. Some tribes of plants, as 
Ferns, requiring a humid atmosphere, thrive well in such Cases. The 
windows of houses may be converted by this means into conservatories. 
Those who wish to see the cfiects thus produced, ought to visit Mr. 
Ward's house, in WeUdose square, London. Nothing can exceed 
the beauty and luxuriance of his Ferns. 

298. But it is not merely as matters of luxury and curiosity that 
these Cases deserve notice. They serve as a most important means of 
transporting plants, m a living state, to and from foreign cliniates; and 
they are in constant use for that purjiose. Plants have thus been brought 
to this country which could not have retained thdr vitality in the form 
of seed, and which would have been destroyed by exposure to the 
sea-breeze and to the vicissitudes of climate experienced during their 
transport. The stillness of the atmosphere in the Case contributes 
mate^ly to prevent injurious consequences. In June 1833, Mr. 
Ward filled two Cases with Ferns, Grasses, &c., and sent them to 
Sydney, where they arrived in January 1834. The plants were 
twen out in good condition, and the Cases Were refilled at Sydney, 
in February 1834, the thermometer then being between ’90® and 
lOQ® Fahrenheit. In their pesage to England they encountered 
veiy varying temperatures. The Siermometer f^ to 20® on round¬ 
ing Cape Horn, and the decks were covered a foot with snow. In 
ero^g the line, the thermometer rose to 120®, and fell to 40® on 
their arrival in the British channel in the b^inningof November, 
eight months after they had been enclosed. The plants were not once 


See Want os tbe gtxnrih of jSanta la closes Cases. 
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wa4»red duiing the voyage, and received no protection by day or by 
night, but were taken out at Loddiges in a most healthy and vigorous 
condition. 

299. It is a mistake to suppose that thoair in the Cases is not changed. 
Th^ are not hermeticaiy sailed; and by the law of difiiision of gases 
there is a constant although gradual mixture of the external air, free 
however from many impurities, with that inside. Plants will con¬ 
tinue to grow for a long' time, even in Cases hermetically sealed, if 
supplied at first with abundance of good soil and water. By the united 
action of the plant and light, the air undergoes constant changes, and 
thus continues fit for vegetable lUe. 

4—Fboducts ahd Sbosetions or Plants. 

300. The sap, in its progress through the cells and vessels, and espe¬ 
cially in its passage through the leaves, is converted into organizable 
products, from which the vegetable tissues and the secretions contained 
in them are elaborated. Light, by enabling plants to fix carbon, has 
an important influ^OT over these secretions. "When plants su-e kept 
in darkness they become etiolated or blanched, and do not form their 
proper secretions. Gardeners resort to the practice of blancliing when 
they wish to diminish or destroy certain secretions, and to render 
plants fit for food. In speaking of the contents of cells and vessels, 
allusion has already been made to some of the more important 
organizable products. It is proposed in this place to take a general 
view of those vegetable secretions wliich are connected with the 
nutrition of plants, or which are important on account of their medical 
or commer<^ uses. Some of these occur in small quantity, and 
are limited to certain plants only; others are abundant, and more 
universal in their distribution. Thus, while quinine and morphine, the 
active ingredients of Peruvian bark and opium, are circumscribed, 
both as regards quantity and distribution, starch, gum, sugsm, woody 
matter, and certain nitrogenous compounds are more abundant, and 
more generally dtffiised over the vegetable kingdom. The latter 
substances therefore demand especial attention. If a plant is macer¬ 
ated in water, and all its soluble jjarts removed, lignine or woody 
fibre is left, and the water in which it has been macerated, gradually 
deposits starch. If the liquid is boilAd, a scum coagulates, formed of 
albumen and some azotised matters, while gum and. sugar remain in 
solution. 

301. Mmek is a general product, being laid up as a store of nourish¬ 
ment, and rmdergoing changes at emtain periods of a plant's life, which 
fit it fi)r further uses in the economy of vegetation. It is not found in 
animal cells. It consists of C** H*® 0“, and occurs in the form of 
grains of various sizes and forms, having an external membrane, en- 
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closing a soluble substance. By boOing in water, the pellicle burtrts, 
the contents are dissotved, blooming gelatinous on cooling. The 
circular markings and strite seen on the grains, and the part called the 
hilum, have already been noticed 17). Some plants, such as 
potato, arrow-root, and wheat, contain a large qiiantily of starch, 
which vtaies, however, in quantity according to the period of growth. 
Thus, while starch abounds towards the latter part of the season in the 
potato, it decreases when the tubers begin to germinate in spring. 
It was found that 240 lbs. of potatoes, in the ground, contun^ 
t»f starch:— 


In August,. 23 to 25 lbs., or 9‘6 to 10‘4 per cent. 

“ September,. 32 “ 38 “ “ 13-3 “ 16 “ 

“ October. 32 “40 “ “ 13 3 “ 16-6 “ 

“November,. 38 “ 45 “ ‘'16 “18-7 “ 

“ AprU,. 38 “28 “ “ 16 “ 11-6 “ 

“ May. 28 “ 20 “ " 11-6 “ 8-3 “ 


The quantity of starch remained the same during the dormant state 
in winter, but decreased whenever the plant began to grow, and to 
require a supply of nourishment. 

302. Starch is stored up in many seeds. It exists in roots, especially 
in those wliich are fleshy; in stems; in the receptacles of flowers; and 
in pulpy fruits. The seed-lobes of the Bean and Pea, and many other 
leguminous plants; the roots and the under-ground stem of Maranta 
arondiuacca or Arrow-root, and of Ganna coednea or Tous-les-mois, 
Ganna Achiras and G. edulis; the stem of the Sago Palm (Sagus 
liumphii and farinifera), and of the Cycas tribe; the receptacle of the 
artichoke, and the pulp of the apple, are &miliar instances of parts 
in which starch abounds. The grains of potato-starch are pearly 
or spiixkling in their appearance, of large size, having one or more 
liila, and often cracks on the surface. Those of arrow-root are dull, 
white, and small, while those of Tous-les-mois, present a glistening 
appearance like potato-starch, and are larger. In some cases, starch 
is associated with poisonous or acrid juices, as in Jatropha Manihot, 
which yields Cassava and Tapioca, and in Arrun maculatum, the under¬ 
ground stem of whidh furnishes Portland sago. Inuline is a substance 
analogous to starch, found in the roots and tubers of Inula Helenium 
(Elec^pane), Dahlia variabilis, and Helianthus tuberosus (Jerusalem 
iutichoke); while lichenin is a variely of starch occurring in Cetraria 
islandica (Iceland moss), lichenin or lichen starch consists of C** H'* 
O*®, and is deposited in the primary cell-wall of the plant, in the form 
of an inemsting layer. By the action of malt or of sulphuric add 
upon starch, or by long Iwiling in water, a gummy matter is pro¬ 
duced called dextritk,* or soluble starch composed of IP® O’*. Some 

* Dextrin ii so called from poaaeaaiDff tbe property ot effbettoff Che riffhfc>h«Dted rotatioo of the 

plane of poiarbsatlcm ctf a ray light 
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cattAiet this to be tibe substance coutaiued bi tbe istterior of the 
sta^ grains. When dried, b; oonstitutes Biidsh gum. It is one 
(^4he steps in the process d tibe conversion of starch into sugar. 

^3. om is one of the substances whidh are produced abundantly 
m Ihe vegeiable kingdom. Its composition is C** EP’ 0“, the same 
.as that of Cane-sugar. It exists in man^ seeds, exudes from the 
stems and tvrigs of many trees, and is contained in the jmces of others 
from which it does not exude. It is one of the forms through which 
organic matter passes during the growth of plants. The di6hrent 
kinds of gums have been divided into those wMch are soluble in cold 
water (Aiabine, mucilage), and those which only swell up into a gela- 
tmous matter (Bassorine or Tragacanth, Cerasine and Peotine). Ara- 
bine is familiarly known by the name d gum-arabic or gum-senegaJ, 
and is the produce of various species of Acacia, chiefly natives of Arab^ 
Egypt, Nubia, and Senegambia, such as Acacia inrenbergii, tortilis, 
andnca, vera, and albidk Prom the bark of these plants it 
exudes in the form of a thick juice, which afterwards concretes into 
lean. Old stunted trees, in hot and dry seasons, yield the most gum. 
Arabine exists with cerasine in the gum of the Cherry and Plum. 
MucUage is present in many of the Mallow tribe, as Malva sylvestris, 
Ahhaea ofiicinalis or marsh mallow, and in Linseed. In Sphaerococcus 
crispus, mucilage is present, of which the formula is C** H“ 0“. 
Basgorine forms the chief part of gum-tragacanth, the produce of several 
q>e<nes of Astragalus, and of gum-bassora. It exists in Salep, procured 
from the tubercules of Orchis mascula. Cerasine is that part of the 
gum of the Cherry (Cerasiw), Plum, and Almond trees, which is 
insoluble in cold water. Pecline is a substance procured from pulpy 
firuits, as the apple and pear. It forms a jelly with water, and when 
dried, resembles gum or isinglass. It is changed by alkalies into 
pectic acid, which is found in many fruits and esculent roots. 

804. •agtMT.—This substance which fi)rms an important article of 
diet, exists in many species of plants. Sugars have been divided into 
those whidi undergo vinous fermentation, as Cane and Grape sugar, 
and those which are not fermentescible as Mannite. Cans sugar, C“ H* 
0* 2 HO, is procured from Saccharum oflicinarum ^gar-cane). 

Beta vulgaris (beiet-root), Acer saccharinum (sugar-mapl^, and many 
other plwts. It has been conjectured that the Callus or sweet 
cane mentioned in the Old Testament, may be die sugar cane. At 
all events, the plant was known as early as the commencement of the 
Christaan era. In the East and West Indies, ^ the present time, 
numerous varieties cane are cultivated, such as Country cane, Mbbon 
cane. Bourbon cane, Violet or Batavian cane, which are distinguished 
by tiieir size, form, the petition and colour of thtir joints, thtir 
foliage, and their ^umes. Bourbon cane is richest in saccharine 
matt». Canes demand a fertile soil, and for thtir perfect maturation 
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the 7 require from twelve to fourteen mondis. Thosei^ which ate 
grown from planted slips^ are plmi-cams, those which sprout up frotn 
the old stems, are rattoons. Afrer being cut, the canes are crashed 
(the pressed canes being called begass), the saccharine juice is ex¬ 
tracted, evaporated, and crystallized, as Saw or Muscovado sugary 
wUoh is afterwards refined in vacuo, so as to form loaf sugar. 

806. fri 1844, the gross amount of sugar entered for consumption 
in the United Engdom was 4,139,994 cwt. The quantity of sugar 
produced fiwm the sugar cane in different parts of the worl^ in 1839, 
has been thus estimated:— 


British Suear Colonies,.... 

British India,. 

Danish West Indies,.. 

Dntch West Indies,.. 

French Sngar Colonies,.... 
United States of America, 

Braril. 

Java,. 


.3,571,378 cwt 
. 519,12fi — 

. 450,000 — 

. 260,000 — 
.2,160,000 — 

. 900,000 — 
.2.400,000 — 
.4,481,342 — 


306. ifqpfe Sugar is much used in America. It is procured from 
tlie sugar maple by making perforations in the stem, and allowing the 
sweet sap to flow out Two or three holes, at the hdght of eightem, 
or twenty inches from the ground, are said to be snificient for an 
ordinary tree. The season of collecting is from the be^ning of Feb- 
ruaiy to the middle of April Beet sugar is the produce of the root 
of Beta vulgaris, and is extensively manu&ctured in many parts of the 
continent In the year 1841, there were 142,518 acres in France 
planted with beet-root for sugar, and the quantity of sugar produced 
was 31,621,928 kilogrammes, (one kUlogramme being equal to about 
2nb8.). Marnia sugar, or Mcmnite, differs firom the oAers in not being 
fermentescible. Its composition is, C“ H’ 0“. It is the chief ingre¬ 
dient of Manna, which exudes from the Omus europaea and rotundl- 
folia. From Sicily and Calabria it is exported under the name of 
flake-manna. Mannite is found in the juices of Mushroom, in Celery, 
and in Laminaria saccharina, and Euc^yptus mannifera. Ur. Sten- 
house has determined the quantity of Mannite in some sea-weeds as 
follows:— 


Lamin^a saccharina,.12 to IS per cent of Miuuiite. 

Halydria siliqnosa,. S to 6 per cent — 

Laminaria digitate. X .4 to 5 per cent. — 

Fttcns serratos,.rather leas — 

Alaria eaculenta,...about the same — 

Bhodomenia palmata,... 2 to 3 per emit. — 

Fuctts Tesicnlosas,.. 1 to 2 per cent. — 

Focus nodosns,...nearly same. — 

Knop and Schnederman have detected Mannite in Agaiicus piperatott, 
and other chenusts have found it in Cantharellus esculentus, aad 
Clavaria coralloides, 
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807. Qra^ sugar, called alao Starch augar, or Glucose^ is composed 
of C” B?* It occurs in the juices of many plants, and is a pro- 
, duct of-the metamorphoses of starch, cane sugar, and woody fibre. It 
may be extracted finm dried grapes, and may be prepared irom starch 
: W the action c£ an infusion of malt, or of a substance cidled Diastase 
(l 310). It is less soluble and less sweet than cane-sugar.* It gives 
sweetness to gooseberries, currants, apples, pears, plums, apricots, and 
most other fi^ts. It is also the sweet substance of the chestnut, of 
the brewer's wort, and of all fermented liquors. 

308. Updae is the substance which ^ves hardness and solidity to 
the cells and vessels of plants. It exists abundantly in woody fibre, 
which may be said to be composed of cellulose forming the paiietes, 
and lignine forming the incrusting matter in the interior or the Sdero- 
gen of Payen. The latter dissolves in strong nitric acid, forming oxalic 
acid, while the former is left undissolved. Lignine is said to bo com¬ 
posed of C“ O*. According to Mulder, the formula for the lig¬ 
neous matter of ordinary wood is C*“ O”. When a portion of die 

stem of a herbaceous plant, or of newly cut wood, is reduced to small 
pieces and boiled in successive portions of water, alcohol, ether, diluted 
acids and alkalies, until eveiy thing soluble in these menstrua is 
removed, a white fibrous mass remains, to which the name of woody 
fibre is given. It varies slightly in its composition in different trees, 
thus:— 



Oak. 

Becclu 

Plnu. 

Wlllmv. 

Carbon,. 

.52-53 ... 

... 51-45 ... 

... .50- . 

. 49-8 

Hydrogen. 


... 5-88 ... 

... 5-55 . 

5-58 

Oxygen. 

.41-78 ... 

... 42-73 ... 

... 44-45 . 

. 44-68 

Iron wood contains 53*44 per cent of carbon. 



This woody fibre exrits in linen and paper; and these substances, when 
subjected to the action of sulphuric acid, are converted into grape 
sugar. Lignine gives support to the vegetable texture, and is often 
deposited in concentric layers. It occurs in large quantity in the 
wood of trees, and is also present in die stem of herbaceous plants. 
In some cellular plants it is absent, and the object of many horticul¬ 
tural operations, as blanching, is to prevent its formation. Beet-root 
and white turnips contain only 3 per cent. 

309. AU these organic substances, consisting of carbon united with 
the elements of water, are easily convertible into each other by the 
action of sulphuric add and heat. Similar changes are induced during 
the growth and devdopment of plants, as wifi, be noticed under the 
head of flowering, fimting, and germination. In many unazotised 
matters the proportion of the elements is the same, or diey are 
ym^Hc. 'Bius, cellulose and starch have the same composition, and 
the dSSferenoe in their qualities seems to depend on the mode in which 
the elements ore united Their form is altered by a change in the 
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m olfim lar airang^ent. The unazotised pxoditets have hem 
noticed, supply carbon for the respiration of man and animals, and 
probably assist in the formation of fat It is imposable to notice all 
the compounds of carbon, oxygen, and hydrogen, found in plants. 
Some .of these exist in small quantity in pa^cular plants. For 
example, Salicine, a bitter neutrsd ciystal]ine<. substance, is procured 
from the bark of Salix alba, Helix, purpurea, viminalis, pentandra, 
&c.; and Fhloridzine, an an^gous substmce, occurs in tite bark of 
the roots of the apple, pear, and plum. 

310. Ab«um« —^There are certain azotised products which 

exist in greater or less quantity in plants, and which are particularly 
abundant in grains and seeds. The nutritive matter of wheat consists 
of starch or tmazotised matter, separable by washii^, and of azotiscd 
matter or gluten. Gluten is composed of certain proteine compounds 
(Fibrine, Caseine, Albumen, Emtdsine), containing carbon, osygen, 
hydrogen, and nitrogen, with some phosphorus and siilphur. YegOcMt 
^brime is the essential part of the gluten of wheat, and of the cereal 
grains. It may be procured by treating with ether the glutinous mass left 
after kneading wheat flour in linen bags under water. Vegetable caseine 
or Ugumine is an essential part of the seeds of Leguminous plants, and 
also of oily seeds. It may be procured in solution from kidney beans 
and peas, by bruising them in a mortar with cold water, and straining. 
Vegetable albumen occurs in a soluble form associated with casdne. It 
forms a small proportion of cereal grains. Wheat is said to contain 
^ to per cent; Rye, 2 to 3| per cent; Barley, I’g to ^ per cent; 
:ind Oats, per cent. It is distinguished by its cc^gulation at 

a temperature of 140“ to 160“, and by not being precipitated by 
acetic acid. These three compounds dissolve in a solution of caustic 
potash; and if to the solution acetic acid is added, the same precipitate 
is obtained whichever of the three is employed. This precipitate is 
called Proteine (r(ar$m, I have the first pl^). Its formula is 

N* O’*. Fibrine is proteine S. .f. Ph Albumen is proteine + 
S* 4> Ph. Caseine is proteine + S. ErnuMne, or syrmptase, is a nitro¬ 
genous compound found in certain oUy seeds, as in almonds. It 
exists in the milky emulsion which these seeds form in water, and it is 
coagulated by acetic acid, and by heat. In bitter almonds, it is 
associated with a substance called amygdaline, on which it acts in a 
j.'eculiar manner, producing hydrdhyanic acid. Diastase is an azotised 
substance procur^ from malt, and developed during the germination 
of plants. It is probably fibrine in an alter^ state, and it hM the power 
of promoting the conversion of starch into sugar. ' ' 

311. The azotised products of pkmts have a timilar composition 
with blood and muscular fibre, and hence their value in the food of 
man and animals. The following table gives a general view of the 

L 
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(jaantity of azodsed aod Biiazotised matters occurring in certain plants, 
vrith the amount of water and inorganic matter:— 



Water. 
.16 

Atottsed 

matter. 

. 29 .. .. 

Carbonacoons 

matter. 

.... 52 . 

Ashea 

... 3 


. 14. ... 


... 52 . 

... 3 


. 16 ... 

. 33 . 

.... 48 . 

. . 3 


. IR ... 


.... 68 . 

... 3 

Barley . 

.16 ... 

• •••« •••• 

.... 69 .... 

. . 2 


.72 ... 

Q 

. 25 . 

... 1 

Turnips. 

.89 ... 

1 .... 


... 1 


312. The following arrai^ement is given by Frombei’g of the com¬ 
parative value of various pl^ts as articles of food, taking into account 
the proteine compounds, and the starch, gum, and saccharine matter 
whi^ they contain, the highest value being 100:— 


Beans... 


Bye. 


Peas. 


Barley. 


Oats...;. 

. 75 

Potatoes. 

.45 

Wheat. 

. 70 

Rice. 


Maize. 

. 60 




313. As regards the produce of different crops per acre, Johnston 
gives the following estimate of the nutritive products which they 
yidd:— 

Avcraise prtKlocc No. ofIb8,aftnio 

acre toTiers aud nntiiment In pro- 

grain. duce of an acre. 

Beet, Mangel-wnrsel, and TnraipSO tons.673 lbs. 

Beans.30 bushels, or 1980 lbs. 694 — 

Potatoes. 8 tons.S58 — 


Peas.20 bushels, or II60 lbs. 348 — 

Barley.36 bushels, or 1872 lbs. 243 — 

Jerusalem Artichokes,.10 tong.224 — 

Wheat.25 bushels, or 1500ibs.'180 — 

Oats..30 bushels, or 1200 lbs. 132 — 


314. Elze4 Ofla are found in the cells and intercellular spaces of 
the fruit, leaves, and other parts. Some of these are drying oDs, as 
Linseed oil, from Linum usitatissimnm; others are fat oils, as that from 
Olives (fruit of Olea europma); while others are solid, as Palm oil. 
The solid oils or fats procured from plants, are Butter of Cacao, from 
Theobroma Cacao; of Cinnamon, from Cinnamomum zeylanicum; of 
Nutmeg, from Myristica moschata; of Coco-nut, from Cocos nuoifera; 
of Laurd, from Lauras nobilis; Pifhn oil^ from Elais guineensis; Shea 
butter, from Bassia Porkii; Galam butter, from Bassia butyracea; 
^and Vegetable tallow, from Stillingia sebifera in China, from Vateria 
in^tjea in India, and from Pentadesma butyracea in Sierra Leone, 
'nieae oils contain a large amount of stearine, and are used as substi- 
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tutes for fat. Castor Oil, from the seeds of Bicmus communis, differs 
from other fixed oils in its composition. 

315. DecandoUe gives the following table to show the quantity of 
oils got fium seeds:— 


Ha»el-nut.60 per cent in weight 

Garden Cress ...67 

Olive.60 

Walnnt.50 

Poppy .48 

Almond.46 

Euphorbia Lath- 

yris.41 

Colza.39 


I White Mnstard ..36 per cent in weight 

'Tobacco .34 

Plum.33 

Woad .30 

Hemp .25 

Flax.22 

Sunflower.15 

Buckwheat .14 

Grapes.12 


316. Tenetable Wax is a peculiar fiitty matter sometimes found in 
the stem and fhut of plants. It is procured firam several species of 
Palms, as Ceroxylon andicola, and Corypha cerifera, and ^m the 
fruit of Myiica cerifera or candle-berry myrtle, and Mytica cordifolia. 
Waxy matter also occurs on the exterior of firuits, giving rise to the 
hhom of grapes, plums, &c., on the outer surlace of the bracts of Musa 
paradisiaca, and on the leaves of many species of Encephalartos. In 
Cork there exists' a fatty body which, when acted upon by nitric acid, 
yields suberic acid. Chloropliylle, or the green colouring matter of 
leaves, Ls allied to wax in its nature, being soluble in ether and alcohol, 
but insoluble in water. 

317. Volatile or Euentiol Olla occur in tlie stem, leaves, flowers, 
and fruit of many odoriferous plants, and are procured by distillation 
along with water. They are efiled essences., and contain the concen¬ 
trated odour of the plant. ITiey usually exist ready-formed, but 
occasionally they ai‘c formed by a kind of fermentation, as oil of bitter 
almonds, and oil of mustard. Some of them consist of carbon and 
hydrogen oiJy, as oil of turpentine, procured from various species of 
Finns and Abies; oil of jimiper, from Juniperus communis; oil of 
Savin, from Juniperus Sabina; oil of lemons and oranges, firom the 
rind of the fruit; and oil of neroli, from orange flowers. A second 
series contain oxygen in addition, as oil of cinnamon, firom C&mamo- 
mum zeylanicum; otto or attar of roses, from various species of 
Rose, especially Rosa centifolia; oil of peppermint, firom Mentlia 
viridis; oil of caraway, from Carmn cami; oil of cloves, from Caryo- 
phyllus aromaticus. Oils of this kbd are procured from many Labiate, 
us species of Lavandula, Origantun, Rosmarinus, Thymus; and firom 
the fruit of UmbeUiferje, as specieh of Anethum, Fosniculum, Corian- 
drum, Cuminum, Petroselinum, PimpineUa; andjfiom some Composite, 
as species of Authemis, Pyrethrmn, and Artemisia. A third series have 
also sulphur in their composition, and have a peculiar pungent, often 
alliaceous smell, with an acrid burning taste, as oil of garlic, and of 
onion, procured from the bulbs of Allium sativum and Cepa; oil of 
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aflaaibetida, from Nai^ex AssafiBtida; and oil of Miistard, which is 
obtuned the seeds of Sinapis nigra, bj a Mnd of fermentation 
indaoed b 7 the action of a nitrogenous body, myrosine, on a substance 
called myronic add, or myronate of potash, when macerated in water. 
A similmr oil exists in many Gru^ers^ as in Erysimum AUiaria, 
Armorada msticana, and Gochlearia officinalis, and in several Umbel- 
lifero, yielding gum-resin, as Opoponax, Ferula, Galbanum, &c. Many 
of the essentid oils deposit a solid crykalline matter, called Stearop- 
tene, allied to camphor. This latter substance, whidi consists of carbon, 
oxygen, and hy^ogen, is procured from Camphora officinarum, a 
native of Japan and India. There is also another kind of camphor, 
produced in Borneo, by Dryobalanops Camphora. 

318. KMiMn PivdTCto.—^The nulky and coloured juices of plants 
contain frequently resins mixed with volatile oils, in the form of 
balsams, besides a quantity of caoutchouc. The resinous substances 
foimd in plants, are either fluid or solid. The former may be illus¬ 
trated by Balsam of Tolu, procured from Myrospermum toluiferum; 
Balsam of Peru, from Myrospermum peruiferum; Balsam of Copaiva, 
from various spedes of Copaifera, especially Copaifera officinalis; 
Carpathian Balsam, from Pmus Pinea; Strasburg turpentine, from 
Abies pectinata, or silver fir; Boiu-deaux turpentine, from Pinus pin¬ 
aster; Canada Balsam, from Abies balsamea, or Balm of GUead flr; 
Chian turpentine, from Pistacia Terebinthus, <&c. The latter may be 
illustrated by common resin or Colophony, and Burgundy pitch, from 
Pinus sylvestris; Mastich, from Pistacia Lentiscus; Sandarach, from 
Callitris quadrivalvis; Elemi, from several species of Amyris; Guaiac, 
from Guaiacum officinale; Dragon’s-blood, from Dracsena Draco, and 
Calamus Draco; Dammar, from Dammara australis and orientalis; 
Labdanum, from Cistus creticuB, and others; Tacamfihaca, from Calo- 
phyllmn Cadaba, and from Elaphrium tomentosum; Besin of Jalap, 
from Exogonium Purga; Storax, from Styrax officinale; Benzoin, 
from Styrax Benzoin; Copal, from Vateria indica, &c.; Lac, from 
various spedes of Ficus, as Ficus indica, and benghalensis, afrer attacks 
of Cocci, and from Aleurites laccifera, and Erythnna monosperma; Eu- 
phorbium, from Euphorbia offidnarum, antiquorum, and canariensis. 

319. ^Miehrae is in some respects analogous to essential oils. It 
is found associate with them and resinous matters, in the nulky juice 
of plants. It is procured from various species of Ficus, as Ficus 
elastica, Kadula, elliptica, and piinoides, from Urceola elastica, Siphonia 
elastica, and Yahea gummifera, by wounding the plants. A ^d of 
caoutchouc, called gutta percha., imported from Singapore and Borneo, 
is jprooured firom Isbnandra Gutta, one of the Sapotacese. The milky 
juice of many plants, as of Euphorbiaceas, Asdepiadacese, Apocynao^ 
Artocaipacete, and Papayacess, contain caoutchouc or gum elastic. 
Some of these coloured juices are bland, as that produced by the Cow- 
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tree (GaJai^deadroa utile)^ others are'narcolio) as those of Po;^ 3 r 
and Chelidoninm; others are purgative, as Gamboge; othera diuretic, 
as Taraxacum. 

820. Organic AeUc are produced by processes going on in living 
plants, and exist in vegetable juices combined o&n ivith peculiar 
bases and alkaloids. Thus, Citric add occurs in the firuit of the orange, 
lemon, lime, red currant, &c.; Tartaric add, in the juice of the grape, 
and in combination with potash in tamarinds; Afelic^add, in the hint 
of the apple, gooseberry, mountain ash; Tannic acid or Tannine, in 
oak bark and nut-galls; Gallic acid, in the seeds of Mango; Meconic 
add, in the juice of Papaver somniierum; Kinic add, in the bark of 
various spedes of Cinchona. Besides these, there are numerous others, 
■which are characteristic of certain species or genera. To these may 
be added Hydrocyanic add, as found in Prunus Laurocerasus, &c., 
and Qi^c add, which exists in combination with potash in Btunex 
acetosa, and AcetoseUa, Oxyria reniformis, Oxalis Acetosella, in the 
fluid in the pitcher of Nepenthes distillatoria; and in combination with 
lime in Rhubarb, and many species of Parmelia and Variolaria. 

821. AikoioMs or Organic baaoc are azotised compounds ibund in 
living plants, and generally contdning their active prindples. They 
ocdir usually in combination with organic acids. Quinine and Cincho¬ 
nine exist in the bark of Cinchona, the former predominating in ydlow 
bark, the latter in pale bark; Morphine, Narcotine, Codeine, Thebaine, 
and Narceine, occur in the juice of Papaver somniferum; Solanine is 
an alkaloid foimd in many spedes of Solanum, as Solanum tuberosum, 
nigrum, and Dulcamara; Veratrine exists in Veratrum Sabadilla and 
album; Aconitine in Aconitum Napellus; Strychnine in Strychnos 
Nux-vomica, Sancti Ignadi, Colubrina and Tieut6; Brudne also in 
Nux-vomica, or False Angustura bark; Atropine in Atropa Bella¬ 
donna; Bebeerine in Nectandra Rodid; Pipeline in Piper longum 
and nigrum; Emetine in CephBelis Ipecacuanha; Ca ffein e (Theine 
and Guaranine) in Coffea aiabica, Thea Bohea and viridis, Paullinia 
sorbilis, and Ilex paraguayensis; Theobromine in the seeds of Theo- 
broma Cacao or chocolate; besides numerous others of less import¬ 
ance. These Alkaloids are often found in plants having poisonous 
properties. 

822. Colewing nintten are flimished by many plants, dther directly 
or by a process of fermentation. ^Tdlow colouring matters are pro¬ 
cured from the roots of Curcuma longa or Turmeric, from the pulp 
surrounding the seeds of Bixa orellana (amotto), from the stem of the 
Gamboge plant (Hebradendron Cambogioides), and various species of 
Gardnia, as Garcinia Cambogia and elliptica, from the flowers of Cartha- 
mus tinctorius (safflower), fern the stigmata of Crocus sativus (saffiunX 
fix)m a kind of Mulberry (Moms tinctoria), from Reseda Luteola (weld), 
and from some lichens, as Parmelia parietina (parietin or diiyBO^ 



150 


OSaAlTS Otf BBFBODtJCnON. 


pbanic acid). Bed colouring matters are procured from the root of 
Anchusa tinctoria (alkanet), from Pterocaipus santalinus, Dracssna 
Draco (Dragon’s-blood), the root of Rubia tdnctorum or madder (aliza¬ 
rine), the root of Morinda citrifolia (Soomnjee), Hasmatoxylon campe- 
chiantun (logwood), Ceesalpinia braziliana (Brazil wood), from Cam¬ 
wood, also from Carthamus tinctorius (Carthamine), and from some 
Lichens, as Eocoella tinotom (Archil and Litmus). Blue colouring 
matters are ftimished by the flowers and fruits of many plants, and 
irom the leaves of some, by chemical action. Indigo, a most valuable 
dye, is procured by fermentation from various species of Indigofera, as 
Indigofera tinctoria, AnH, cmrulea and argentea, as well as from 
Wiightia tinctoria, Marsdenia tinctoria, Nerium tinctorium, and Gym- 
nema tingens, &c. The plants in fiiU flower are cut and put into vats 
with water, fermentation takes place, and a peculiar substance is formed, 
which, by absorption of oxygen, becomes blue. The best and the 
largest quantity of Indigo is produced in the Delta of the Ganges. 
Several Lichens yield nitrogenous colouring matters, which give blue 
and ptuple colours with alkalies, &c. Lecanora tartarea yields Cud¬ 
bear. 


SECTION III.—ORGANS OF REPRODUCTION. 

Structubb, Abbangembnt, akd Functions. 

323. The reproductive organs consist of the flower and its appen¬ 
dages, the essential parts being the stamens and pistil When the 
flower, or at least the essential organs, are conspicuous, the plants are 
called Phanerogamous (0«i>s{of, conspicuous, and yiitet, union or mar¬ 
riage), or Flowering plants; when they are inconspicuous, the plants 
are Cryptogamous (x^uvrif, concealed, and ya/tas, union or marriage), 
or Flowerless plants. The former include Imogens and Endogens, the 
latter Acrogens and Cellular plants. On careful examination, it will be 
found that the organs of reproduction and nutrition are modifications 
of each other. The parts of the flower, as regards their development, 
structure, and arrangement, may all be referred to the leaf as a type. 
They commence like leaves in cellular projections, in which fibro-vas- 
cular tissue is ultimately formed; they are arranged in a more or less 
spiral manner, and they are often pariially or entirely converted into 
leaves. 

1.— ^INFLORESCENCE, OB THE ABBANOEUENT OF THE FLOWERS ON THE AXIB 

,• 884. The arrangement of the flowers on the axis, or the ramification 
the floral axis, is called Inflorescence or Anthotasds (iahaM flower, 
and riitc, order). Flower-buds, like leaf-buds, are produced in the axil 
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of leaves, vrhich are called floral leaves or bracts. A flower-bud has 
not in ordinary droumstancea any power of extension by tibe develop¬ 
ment of its central cellular portion. 

In this respect it difiers from a leaf- 
bud. In some cases, however, of 
monstrosity, especially seen in the Eoso 
(fig. 226) and Geum, the central part, 

A, is prolonged, and bears leaves 
or flowers. In such cases the flowers 
are usually abortive, the essential or¬ 
gans being so altered as to imfit them 
for their fimctions. Such metamor¬ 
phoses confirm Goethe’s doctrine, that 
all the parts of the flower are altered 
leaves. 

325. The general axis of inflor¬ 
escence, is sometimes called rmlds 
Q»Xtc, the spine); the stalk support¬ 
ing a flower, or a cluster of flowers, 
is a peduncle (pes, a foot) (fig. 231 a'); 
and if small branch^ are given OS’ by 
it, they are called pedicels (fig. 231 
o"). A flower having a stalk is called 
pedunculate or pedicellate (fig. 231); 
one having no stalk is sessile (fig. 237). 

In describing a branching Morcs- 
cence, it is common to speak of the 

Eachis ds the primary floral axis, its branches as the secondary floral 
axes, their divisions as the tertiary floral axes, and so on; thus avoid¬ 
ing any coniusion that might arise fi:om the use of the terms rachis, 
peduncle, aoA. pedicel. 

326. The Pednncle assumes various forms. It is 
cylindrical, compressed, and grooved; simple, bear¬ 
ing a single flower, as in Primrose; and branched, 
as m London-pride. It is sometimes large and suc¬ 
culent, as in the Cashew (fig. 227 p), in which the 
peduncle forms the large coloured expansion sup¬ 
porting the nut; spiral, as in CyolBmen and Yallis- 
neria (fig. 228); spiny, as in Alyssum spinosum. 

Sometimes the floral axis is shortened, assuming a 
flattened, convex, or concave form, and bearing 

Fig. or oumstroiu Hose, showing the ] 

flowers, &fOl^^ tnnaAiriMainto leaves, a Fetals mnltiidied at the expense or 
whic!h nambar. £ Coloured iraves representing abortive carpels, a, Axis .pro • 

lO&MdJbeailninn unperfbet flower at its apex. 

rig. ifl Cashew iAnaeardium occidentak)* a Enlarged peduncle, a, FVolt or nut. 




t ei the axis beyond the 
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numerous flowers, as in the Axliohofce, Daisy, and Fig. In these cases 
it is called a Rec^tade or Phoranthmm (9s^«, I bear, and 
flower), or CHnanthium {xSiln, a bed, and Mot, flower)^ 

827. The sometimes assumes a leaf-like or 

a lea^ and IiSa^, form) appearance,.bearing numerous flowers at its 
margin, as in Xylophylla longifolia (fig. 229), and in Ruscus; or it 
appears as if formed by se^sd peduncles united together so as to be¬ 
come a fasdated axis, as in the Cockscomb (fig. 230), in which the 

flowers form a pecu¬ 
liar crest at the ^ex 

r of the flattened pe- 
dimclcs. Adhesions 
take place between 
the peduncle and the 
bracts or leaves of 
the plant, as in the 
limetree, Heiwingia, 
Chailletia, several 
species of Hibiscus, 
and in Zostera. The 
adhesion of the pe¬ 
duncles to the stem 
accounts for the 
extra-axillary posi¬ 
tion of flowers, as 
in many Solanacese; 
when t^ union ex¬ 
tends for a consider¬ 
able length along the 
stem, several leaves 
may be interposed 
between the part 
where the peduncle 
becomes firee, and the 
leaf whence it ori¬ 
ginated, and it maybe 
^ 230 difficult to trace the 

* connection. 

3^. The peduncle occasionally becomes abortive, and in place of 
beaiihg a flower, is transformed into a tendril (If 201); at oth® timpc 



Of fiow 6 ni d 0 Tel^p 6 a in ft centrifugal or cymose mBaner. 

230.—Uppgr p«rt of flattened or feedeted flowering etem of Oeloda criitata (Oecitamin 

taring the flmn of a c»et,coTeied with ixiintedtiracts, end sai^rtlng flowers on Its nimmit 
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it is hollowed at the apex, so as appaarentlj to form ihe lower part of 
the outer floral envelope, as in Eschscholtzia. 

S29. The termiimtioa of the peduncle, or the part on which the 
whorls of the flowers are arranj^ is called the ThaUmms or Torm. 
It is the termination of the floral axis. The term receptacle is also 
sometimes applied to ihis, whether expanded so as to bear several 
flowers, or narrowed so as to' bear one. may be considered as the 
growing point of the axis, which usually is arrested by tiie production 
of the flowers, but which sometimes becomes enlarged and ejqianded. 
Thus, in the Geranium, it is prolonged beyond the flower in the flam 
of a beak; in {he Arum, it is a club-shaped fleshy column (fig. 239, 
2, a); in the Strawberry, it becomes succulent and enlarged, bearing 
the seed-vessels; while in Nelumbium it envelops them in the form of 
a truncated tabular expansion. - In some cases it bears the seeds. In 
some monstrous flowers, as in Bose and Geum, it is prolonged as a 
branch bearing leaves (fig. 226). 

330. There are two kinds of inflorescence —one in which flowers are 
produced in the axil of leaves, wlnle the axis continues to be elongated 
beyond them, and to bear other leaves and flowers; the other in which 
the axis ends in a single terminal flower. In the former, the flowers 
are axillary, the axis extends in an indefinite manner, and the flowers, 
as they successively expand, spring fixim floral leaves placed higher on 
the axis than the leaf from which the first flower was devdoped. In 
the latter, the single solitary flower terminates and defines the axis. 


and the flowers devdoped subsequently, arise firom floral leaves below 
this central flower, and therefore fiirther re¬ 
moved from the centre. 

831. The first is Indeterminate, Indefinite, or 
Ariltory inflorescence, ii\ winch the axisisdlher 
dongat^ continuing to produce flower-buds 
as it grows, the lowwmost expanding first; or 
it is flattened and depressed, and the outermost 
flowers expand first. The expansion of the 
flowers is Aus centripetal, that is, from base to a* 

apex, or from oircu^erence to centre. When 
t^ l^dofinflorescenceproducesmanyflowers, , 

it is simple, and proceeds from the devdopment ^ 

of the flower-buds of a single branch. This \ • 

kind of inflorescence is shown in fig. 231, where 
the leaf fix)m which the duster of flowers is ^ 


Fiff. 281.—Raceme of Barl>errv vuikToHs), produced in tiie axU of a leaf or tiract, f, 

which has been transformed Into a anine, with two ^pule& a, at its base. a\ Prinuury fiorol 
aijat bearing amaU alternate bracts, o, in the axflof which tne aecondarw axes, ft" o' ara pro¬ 
duct each terminated by a flower. The expansion .of the flowers is centnpeta4 or ftom bafle to 
itoex { the lower flowen hero passed into the state of frnit, the nflddlo are fliUy expanded, and 
those at the top are stiQ in bud. ^determinate simple infldrescence. 
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pr^Uioed, f, represravts the bract car floral leaf The rachis, or primary 
axis of the flower, is o'; this produces small leaflets, b, which bear 

smaller flowmr-leaves or bractlets, from 
which peduncles or secondary axes 
spring, bearing each single flowers. 
Ihe whole inflorescence is the product 
of one branch, the lower flowers having 
expanded first, and bearing fruit, while 
the upper are in bud, and the middle 
are in fliU bloom. In fig. 232, the same 
kind of inflorescence is shown on a 
shortened axis, the outer flowers expanding first, and those in the 
centre last. 

332. The second is Determinate, D^nife, or Ibrntwaf inflorescence, in 
which the axis is either elongated and ends in a solitary flower, which 
thus terminates the axis, and if other flowers are produced, they are 

secondary, and ferther from the centre; 
or the axis is shortened, and produces 
at once a number of flower-buds, but of 
these the central flower expands first, 
being in fact the termination of the 
axis, while the otherflowersare develop¬ 
ed in succession further from the centre. 
The expansion of the flowers is in this 
case centrifiigal, that is, from apex to 
base, or from centre to circumference. 
When this inflorescence produces many 
flowers, it is compound, and proceeds 
from the development of the buds of 
several branches. It is illustrated in 
fig. 233, where a representation is given 
of a plant of lianunculusbulbosus; a' is 
the primary axis swollen at the base in a 
bulb-like manner, 6, and with roots pro¬ 
ceeding from it From the leaves which 
are rascal proceeds the axis ending in 
a solitary terminal flower,/". About 
the nfiddle of this axis there is a leaf 

Fig. S38.->Head of flowers or glomemlns of Scablosa atro-purpurea. The Inflorescence is sim¬ 
ple and indeterminate, and the expansion of l^e flowers centripetal, tiiose at the drcmnference 
opening first 

Fig. ijSS.—Plant of Bammculns bulbosos, showing determinate compound inflorescence. cT, 
•p rtitiRty floral dilated at its base, so as to form asort <^bnlb, whence the roots and radi^ 
learea proceed, f. Solitary flower, terminating the primary axis. About the middle of the axis 
a leaf Is develop which gives origin to a secondary axia a", ending in a solitary flower,/', 
whkii ia not so advraced as/. On uie secondary axis a leaf la formed, from the axU of whl& a 
tertiary axis, of*, proceeds, ending in a flower, /" which is still in bud. On this axis another 
floral leaf and bud Is in the progress of formation. 
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or bract from which a secondary floral axis, a", is produce^ ending m 
a single flower,/", less advanced than the flower,/'. This secondary 
axis bears a leaf also from which a tertiary floral axis is produced, a'", 
bearing an unexpanded solitary flower, f". From tips tertiary axis 
a fourA is in progress of formation. Here /' is the real termination 
of the axis, and this flower then expands first, the other flowers being 
developed centrifugally on separate axes. It is a compound inflores¬ 
cence. 

333. fndefliitte infloreMsence. —The simplest form of this inflores¬ 
cence is when single flowers are produced in the axils of the ordinary 
leaves of the plant, the axis of the plant elongating beyond them, as 
in Veronica hederifolia. Vinca minor, and Lysimachia nemorum. The 
ordinary leaves in this case become floral leaves, by produdng flower- 
buds in place of leaf-buds. In place of solitary flowers there is 
often an elongated floral axis or pcdimcle arising from a more or less 
sdtered leaf or bract, and bearing numerous leaflets, called hracteoks or 
bractlets, from which smaller peduncles 
fire produced, and those in their turn 
may be branched in a similar way. 

According to the nature of the sub¬ 
division, and the origin and length of 
the flower-stalks, there arise numerous 
varieties of floral arrangements. When 
the primary peduncle or floral axis, as 
in fig. 231 a, is elongated, and gives 
ofi" pedicels, a", of nearly equal length 
ending in single flowers, a raceme or 
cluster is produced, as in Currant, 

Hyacinth, and Barberry. If the sec¬ 
ondary floral axis gives rise to ter¬ 
tiary ones, the raceme is brandling, 
and forms a pardcle. In fig. 234 is 
represented apanide of Yucca gloriosa, 

«' being the primary axis or rachis with 
bracts, giving off numerous secondary 
axes, a", which in their turn devdop 
tertiary axes, o'", the devdopment in 
each of the secondary axes being centripetal, and Ihhh being the bracts 
from which the separate axes are produced If the pedimdes in the 
middle of a dense panide are longer than those at the extremities, 

Hg. 234.—FaDlde or bmnchlng raceme of Yucca gloriosa. o', Primary axis rar racMa tr. 
Secondary axes or smaller pedimcleB. o'''. Tertiary axes or pedicels bearing flowers, bh b b. 
Bracts and btactlets, in the axil of which the axes are produced. The inflorescence is Indetet' 
minate, and consists of a series of racemes on a common o'. The expansion of the whole 
inflorescence is centriTOtal, and such to also the case with each of tiie racemes forming tiie 
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a ib^lma k prodtioed, .a» jn lilac. If in a raceme the lower flower- 
Btalb are elongated, and come to nearly a level with the upper, a 
^ptyml) is form^ which may be simple, as in fig. 235, where the pri¬ 



mary axis, o', divides into secondary axes, of' o", which end in single 
flowers; or compovmd, as in fig. 236, where the secondary axes again 
subdivide 

834. If the peduncles or secondary axes are very short 
or awanting, so that the flowers are sessile, a ^ike is pro¬ 
duced, as in Plantago and Verbena officinalis (fig. 237). 
The spike sometimes bears unisexual flowers, usually starai- 
niferous, the whole falling oflT by an articulation, as in Wil¬ 
low or Hazel (fig. 238), and then it is called an amentum 
or catkin; at offier times it becomes succulent, bearing 
numerous flowers surrounded by a sheathing bract or spatha, 
and then it constitutes a spadix, which may be simple, as in 
Arum maculatum (fig. 239), or branching, as in Palms. 
A spike bearing female flowers only, and covered with 
scales, is either a stroMlus, as in the Hop; or a cone, as in 
the Fir (fig. 201). In grasses, there are usually numerous 
sg 7 sessile flowers arranged hj small spikes, called Locustce or 



Fig. 23S.<-Coryinb of Cerasiu Mahaleb, produced in the axil of a loaf which hM fhllon, and ter^ 
mlnattng an ahortlve branch, at the base of which are modified leaves in the fbrm of scales, e. 
a'f Primary axis, or peduncle, or rochis, iffodudng alternate bracts, 6 6, from the axil of which 
seconds^ axes or p^cels, of' a", arise, cadi bearing a single fiower. Tlie evolution or expansion 
of the flowers is centripetal 

Fig. 8S6.^ompound or branching corymb of Pyros tormlualia o', Primary axis, 
Secondary axM. Tertiary axes or pedicels bearing the flowers directly. odd,Bracta 

Fig. 887.—£toDce of Verbena omdnalis, showing sessile flowers on a common rachis; the In- 
floTesoeoce Inosterminate, and the evdation of the fiower centripetaL The flowers at the lower 
part of the ^ike have pac^ Into Ihiit, those towards the middle are in ftdl doom, and those at 
the top are only in bua 
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spikelets, and these clusters are either set closdy along a cenird aaaa 
or rachis, or they are produced on a launched panid& 



335. If the primary axis, in place of bdng elongated, is depressed 
or flattened, it gives rise to omcr forms of inde&te inflorescence. 
When the axis is so shortened that the secondary axes or peduncles 
arise from a common point, and spread out like radii of nearly equal 
length, each ending m a single flower, or dividing again in a similar 
raddating manner, an UmM is produced, as in figs. 240 and 241. In 
fig. 240 the floral axes, a', a', a', end in simple umbels, o', o', o', and the 
umbels are called stipitate or stalked; while in fig. 241 the primary 
floral axis, a', is very short, and the secondary axes, a' a', come off fimm 


Flf S38.>-^Ajncntum or catkin of Hazel ICorylus Avellana)^ conaistintr of an axis or rachia 
(Mjvered with hracta in the form of scales i»qwmai\ each of which covers a male flower, the 
^tamens of which are seen projecting beyond t^ scale. The catkin foils off in a mass, separate 
ing foom the branch by an artlcolation. 

fig. 23)1.—Spadix GT sanmleiit tmike of Arum maculatnni. 1 Exhibits the sagittate leaf; the 
Rpatha or sheathing bract, A rolled round the spadix, apex of which, a, Is seen projecting.' 
2. Shows tlie spatlia, cut longitudinally, so oe to display the spadix, a. /. Female flowers at 
the base, m, Mole flowers. On the spadix thera are numerous abortive flowers Indicated by 
halr-Uke prcjectiona 

Fig. 240.~Scveral umbels, o' o' o' o', of Aralla racemosa. a, Gfeneral axis or the apex of the 
branch terminated by a single umbel forther advanced than the rest, o' o' o' <i', Axes arising 
from it, wliich are secondary as respects the general axis, a; each of thorn bears an umbeL and 
as regards this inflorescence they are primary, a" a", Secondary axes, or the radii of ^ 
umbel b & & Bracts placed alternately on the general axia A, Shows a double bud prooeedmg 
from the uij of one of these braefo, and thus giving riie to two-stalked or stipitate umbe^ 
« < ^ Vertlcillate bracts, fonuiug involucres at the base of the radii of the umbels. 
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it in a radiating or nmbrella-Iike manner, and end in smail umbds, o', 
which are call^^xzrtiaZ umbels or umbellules, to distinguish them from 
the general umbel arising from the primaiy axis. This inflorescence is 
seen in Hemlock, and other allied plants, which are hence called 
Umbelliferous. 




336. If there are numerous flowers on a 
flattened convex or slightly concave recep¬ 
tacle, having either very short pedicels or 
none, a capitulum (a head) or anthodium 
Moi, a flower, oooj, a way or method), or 
adaibrnm a small cnj)), is formed 

as in Dandelion, Daisy, and other composite 
plants, (figs. 242 and 243); or a, glomerulus* 
(a ball), as in Scabiosa (fig. 232), and in 
Dipsacus (fig. 244). Such a receptacle or 
flattened peduncle may sometimes be folded 
so as to enclose partially or completely a 
number of flowers (generally unisexual), 


* By some this term is applied to the ccntrifogal inflorescence of certain Urticacoaif (flicno|K>- 
diacese, and Juneacesi. 

Fig. —Compoond umbel of Carrot (paueus Carota). o', Primary axis ^ortened and 

dmn'essed, so ns to present a convex surface, Secondary axes or radii of the general nm- 

each ending in a partiHl umbel or umbollulCf o" </' o" o'" Tcrtla^ axes or radii of 
the partial umbels or nmbellules. Pinnatipartite bracts, funning the general involucre, i^' 
Simple bract& fbnniiig the porti^ involucre or invohiccl 

M2.—Capitulum, Antliodlum, or Head of flowers of Scorzonerahlspanit^. b, Imbii^to<l 
bro^ fcnmlng an involucre. /, Florets or small flowers on the receptaci^ having a centripetal 
e^utioii. 

Fig. 943.—The same Capltalum cut vertically, r. The Koceptacle, Phoranthlum, or the flat- 
tenea and depressed apex of the peduncle, bearing ^e florets,/, wnieb are surrounded by bracts, b. 
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giving rise to the peculiar inflorescence of Dorstenia (fig. 245), or to 
that of the Kg (fig. 246), where/ indicates the flowers placed on the 
inner surface of the receptacle, and provided with bracteoles. This 
inflorescence has been called HypoK^dium, (i»o, under, and a 
flower). 
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337. On reviewing these difierent kinds of inflorescence, it will be 
observed that tlie elongation or shortening of the axis, and the presence 
or absence of stalks to the flowers, determine the different varieties. 
Thus, a spike is a raceme in which the flowers are not stalked, the 
umbd a raceme in which the primary axis is shortened, the capitulum 
or head a spike in which the same shortening has taken place. , 

338. Dcfflnite inflorascence. —^Tlie simplest form of tills inflorescence 
is seen in Anemone nemorosa (fig. 247), or in Gcntiana acaulis (Gen- 
tianeUa) where the axis terminates in a single flower; and if other 
flowers are produced, they arise fiwm tlie leaves below the first-formed 
flower. When numerous flowers are produced, and the axes are much 
shortened, it is sometimes difficult to tmderstand this mode of in¬ 
florescence. It may be distinctly traced, however, in plants -with 
opposite leaves, in which the difierent axes are clearly devdoped. In 
Hg. 248 is represented the flowering branch of Eiythrasa Centamium. 
Here the primary axis, o', end* in a flower,/', which has passed 
into the state of fruit. At its base two leaves are produced, each 
of which is capable of developing buds. In the Gentiana acaulis 


Fiff. 244.—^Iniioresecnco of Dipnacas s^lvcstris. Cilomcrulivi» or lioad of flowers, each of 
which is sepamteti hy loni? pointeil bracts. The flowera are evolved in a centiipotal manner. 
« exmnded, followed by thaw at e w, while tliose at the apex, c s, are in bncL 

Fig. 245.-<-Inn»reM^co of Dorstenia Contnvyervo, consisting of a bipad slightly concave 
ns^ptaclc, r, on which nnmcrnius malo and female flowers, /, are placed. 

J??* Inflorescence of Fig Corica), showing the hoUow receptacle, r, or pednnde, 

which forms the fruit covered with flowora, f, of various kinds. 
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these leaves rarely produce In^ bi^ iu the preseut plant they 
geuQially do. The buds so produced are flotrer-buds, and constitute 
secondary axes, a" a", ending in single flowers,/"/", which thus are 
terminal and solitary; and at the base of these axes a pair ci£ opposite 
leaves is produced, giving rise to tertiary axes, a'" d" o'", en^g in 
single flowers, /'" /'" /"', and so on. The divisions in this case 
always take place by two, or in a dichotomaus in two ways, and 
riftra, I cut) manner. Had there been a whorl of three leaves in 
place of two, the division would have been by three, or trichotomm 
(*■?/»«, in three ways). 
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839. When the leaves become very small, and are transformed 
into true bracts, this whole system forms a single inflorescence, and 
has received the name of e^l^- As y - 

the definite inflorescence occurs in a -X jj "4 

marked degree in the cyme, it has 
hence, been called cynum; and the 
cyme itself, according to its divisions, 

has been characterized as dichotomous \W£f 

or trichotomous. In figs. 249 'and ^ 

250, the cyme is represented in two f 
species of Gerastinm, belonging to the ft I 

natural order Caryophyllaceaj, in ivr /' 

which cymose inflorescence is of tL 

general occurrence. The leaves in \ K jf ^ 

Ae figures are small bracts giving ID 

origin to flower-buds in die same 

way as in fig. 248; the flowers at d 

o' being the termination of the pri- 

mary axis and expanding first, the 





Rp. 248.—Flowering brancli of Erythnca centauriunv Primary axis, a" a'4 Two secon- 
^ Tcitiary axes, fotir in number, o"" a"" o'"', Quatemiuy axes, eight in 

nmnper. / The flower in various stages of development, Solitary flower which has passed 
intofiruit teiTOinatinif the primarj’ axia Flowers less advanced, terminating the secondary 
•' ’ extremity of the tertiary axes, and so on. Inflorescence 

afwiite or determinate. Evolution of flowers contrlfagal. 


I _ 0^ Ccmstlum tetrandnun. I^ers have the same mea^ng os txT^e 

quaternary axes, a"", the Inflorescence becomes lateral by the non- 
development of the flower-buds on one side. 
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Others being subsequently developed in a centrifugal order. In some of 
the Pink tribe, as Dianmus barbatus, Carthusianorum, &c., in which 
the peduncles are short, and the flowers closely approximated, with a 
centrifiigal expansion, the inflorescence has received the name of fascicle. 
A similar inflorescence is seen in such plants as Xylophylla lon^olia 
(fig, 229). When the axes become very much shortened, the arrange¬ 
ment is more complicated in appearance, and the nature of the inflores¬ 
cence is indicated by the order of opening of the flowers. In Labiatae, 
as in the Dead nettle (Lamium), the flowera are produced at the axil 
of each of the leaves, and might be looked upon as ordinary whorls, 
but on examination it is foimd that the central flower expands first, 
and that the expansion is thus centrifugal. The inflorescence is there¬ 
fore truly cymose, the flowers being sesale, or nearly so, and the clusters 
are called verticillasters (yertidllua, a kind of screw). 

340. Sometimes the bract on one side of a dichotomous cyme, 
especially towards the summit of the inflorescence, does not give 
origin to buds, as seen in the upper flower of fig. 250. When a 
single bract only is produced, in place of two, there is often an anoma¬ 
lous cymose inflorescence produced, resembling a raceme. Thus, in 
Alstrdmeria, as represented at fig. 251, the axis, a', ends in a flower, 
which has been cut off, and a leaf. From the axil of this leaf, that is. 


between it and the primary axis, a', a secondiuy iixis, a", is formed, 
ending in a flowerand producing a leaf .about 
the middle. From the axil of this leaf, a tertiary 
floral axis,endingin aflower, f", is developed, 
y"',. and so on. Sometimes the bract on the opposite 

side shows itself, as at a. This inflorescence 
therefore,' although it appears simple and r.acc- 
mose is truly compound .and cymose, consisthig 
^ ,jl ' of a series of separate axes, with a 

\*li jiO centrifugal expansion. Iheflower- 

branch often exhibits, in such 
^1 cases, a series of curvations. In cer- 
I® tain orders of plants, espedally 
II Boraginaceajjthebractsbeingalter- 
ll nate, give rise to an inflorescence 
261 262 of this kind. Thus, in fig. 252, a 

is a primai’y axis, ending in a floweS', producing another, 5, and that, 
a third, c, a fourtli, d, &c., all on the same side. In such a case there 


is usually a remarkable curvature resembling the tail of a scorpion. 


Fig. 251.— FaIsc raceme of a spoclea of Alstrumerla. a' a*' o'" a'"', Separate axes suceesslvely 
dcvtaoiKMl, wbii^ appear to'fom a slraplo cDiitintious mcemct of which the axes form the intcr- 
xiudes. It is a eompontid determinate infior^ence, however, with ceutriihgal evolution. Each 
of tlio axevS to produced in the axil of a Ica^ and is terminated by a flower, f' f* f*" opposite 

to that leaf 

Fig. S52.~'F!gare to sliow the formation of a scorpioidol or helicoid cyme, consisting of separate 
axes, a 6 c cf e. 
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and the c^me is called scorpioidal or helicoidal (Ia/S, a spiral, and 
iiiot, form) or gyrate.'* It is seen in the forget-me-not (fig. 258)i 
841. Instances of both kinds of floral expansion occur occasionally 
on the same plant. Thus, in Compositee^ the Imds of flowers taken 
as a whole, are developed centrifugaUy, the'terminal head first; while 
the^rcts, or small flowers on the receptacle, open centripetally, those 
at the circiunference first. So also in Labiatte, the different whorls of 
inflorescence are developed centripetally, while the florets of the verti- 
ciUaster are centrifugal. Sometimes this mixed character presents 
difficulties in cases such as Labiataa, where the leaves, in place of 
retaining their ordinary form, become bracts, and thus might lead to 
the supposition of all being a single inflorescence. In such cases, the 
cymes are described as spiked, racemose, or paniclcd, according to 
circumstances. Fig. 264 represents a panicled cyme of Privet^ in 



* Schleideu says that this indurescence is simply a unilateral raceme, having centripetal cx> 
panaion. 

Ftg. 253.-—Scorpioidal, gyrate, or helicKiid cyme of Forget-me-not {Myosotis palustris,) 

Fig. 254.—Cyinoae panicle, or Panicled cyme of Privet {Ligiutram vui 0 are). The primary 
axis, Of gives oif secondary axes, a'* o'', wlii& are omwslte to eoch other, and piwluce tertiary 
axes, aff\ which are didiotomons, and (Mmscqiumtly end in small threo-flowei’ed cymes, c c 
(K the tiiree flowers terminating these tertiary axes, the central one expands first, the evolution 
of the othcra being ccntrlfligal. 
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which the primary axis, of, gives of secondary axes, a" a", whence arise 
tertiary, a'" a'", ending dichotomously, and producing 4ree-flowered 
cymes, c c, in which the central flower expands first. Mg. 256 is a 

racemose cyme of Campanula, de¬ 
veloped in a very irfegular manner, 
and giving rise to a peculiar mixed 
inflorescence; a' o'is the prim^ 
axis, ending in a flower, f, which 
has withered, and giving ofi" secon¬ 
dary axes, a" of' each terminated by a 
flower, and developed centripetaUy, 
the lowest being most expanded. 
These are anomalous cases and nut 
easily explained. Such mixed in¬ 
florescences, partly definite and 
partly indefinite, are by no means 
tmeommon. 

842. Sometimes flowers proceed 
fix>m what are called radical leaves; 
that is, from an axis which is so 
shortened, as to bring tlie leaves 
close together in the form of a clus¬ 
ter. From such stems, floral axes 
are pushed upwards occasionally, 
bearing single flowers, or flowers 
in umbels and racemes, as in Primrose, Auricula, Hyacinth, &c. In 
these cases, the name of scape is applied to the flowering stem. 


343. —^Tabclab Abbangehbnt of Infi.o&bbcence OB Antiiotaxis. 


A. Flowers Sessile. 

L Floral Axis elongated. 

1. Axis permanent. 

Spike (Plantago), Locusta or Spikclet (Lolittm), Spadix (Arum), 
Cone (Fir), Strobilus (Hop). 

S. Axis deciduons. 

Catkin or Amentum (Willow), Compound Catkin (Hale flowers of 
some Palms). * 

II. Floral Axis shortened or depressed (a Receptacle). 

Capitulnm, Anthodinm or Calatbinm (Dandelion). 

B. Flowers Pedicellate. 

I. Floral Axis elongated. 


Big. 2SS.—Bacomose cyme, or CVmoee raceme of CampamUa, o' o', Primary axis, terminated 
Iiy a flower, />, wUeli aas already withered, and is beginning to pass into the state of fruit 
a' Of' o", SimBisry aaca each terminated by floweie, which are more adranced the lower 
they are in Uieir position. 
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1 «$ 


1 Peduncles simple. 

a. ofeqnal ornesuly equal length. 

R^cme (Currant, Hyacinth). 

b. lowermost longest. 

Centripetal expansion—Corymb (Ornithogalnm). 

CentriAigal expansion—Fascklc (Pink). 

S. Peduncles branched. 

Panicle (Poa), Thyrsus (Lilac), Antbela (Luznla), Compound Ra¬ 
ceme (Plane-tree), Compound Corymb (Milfoil). 

II. Floral Axis shortened or depressed. 

1. Expansion centripetal. 

a. Peduncles very short, Flowers forming a close head. 

Glomerulus (Armeria, Scabious). 

b. Peduncles nearly equal, radiating from a common centre. 

Peduncles simple—Sii^le Umbel (Astrantia, Ramsons). 

Peduncles branched—CTompound Umbel (Hemlock). 

2. Expansion centrifligal. 

o. Peduncles simple—Verticillaster (Laminm). 
b. Peduncles branched—Cyme (Elder). 


2_BBACTS OR BLOBAI. LEAVES. 

344. Flowers, with the exception of the terminal flower, arise from 
the axil of leaves, called Bractem, bnwts or floral leaves. Tire term 
bract is projrerly applied to the leaf, from which the primary floral 
axis, whether simple or branched, arises, wlnle the leaves which arise 
on the axis between the bract and the outer envelope of the flower 
are hracteolea or hractMs. The two are distinct, but are often used 
indiscriminately in ordinary descriptions. 3racts sometimes do not 
differ from the ordinary leaves, and are then called leafy, as in Ajuga. 
Like leaves, they are either entire or divided. In general, as regards 
their form and appearance, they differ from the ordinary leaves of the 
plants, this difference being greater in the upper than in the lower 
branches of an inflorescence. They are distinguished by their position 
at the base of the flower or flower-stalk. When the flower is sessile, 
the bracts axe often applied closely to the calyx, and ra&j thus be con¬ 
founded with it. 

345. When bracts become coloured as in Amherstia nobilis. Eu¬ 
phorbia splendens, and Salvia splendens, they may be mistaken for 
parts of the coroUa. They are sometimes mere scales or threads, and 
at other times they are abortive, 9nd remain undeveloped, giving rise 
to the ebracteaied inflorescence of Cm<afer» and some Boraginacece. 
Sometimes flower-buds are not produced in their axil, and then they 
are empty. A series of empty coloured bracts terminates the inflores¬ 
cence in Salvia Horminum. The smaller bracts or braoteoles, which 
occur amongthe subdiAusions of a branching inflorescence, often produce 
no flower-buds, and thus anomalies occur in the floral arrangements. 

346. Bracts are occasionally persistent, remaining long attached to 
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the base of the peduncles, but more usually th^ are deciduous, fidling; 
off early by an articulation. In some instances they form part of the 
firuit, becoming incorporated with other 
organs. Thus, the cones of Eirs (fig. 201) 
and the strobili of the Hop, are composed 
of a series of bracts arranged in a spiral 
manner, and covering fertile flowers; and 
the scales on the fruit of the Pine-apple 
(fig. 256 a), are of the same nature. In 
Amenta or catkins (fig. 238), the bracts 
axe called sqmrm or scales. As regards 
their arrangement, they follow the s.Tme 
law as leaves; being alternate, opposite, or 
« verticDlate. 

347. At the base of the general umbel 
in umbelliferous plants, a whorl of bracts 
often exists called a general involucre (fig. 
241 *'), and at the base of the smaller umbels 
or umbeUnles, there is a similar leafy whorl 
called involuceloTpartialmvoliuTe{6g. 241 i"). 
In the case of Composite, the name involucre 
is also applied to the leaves or scales surrounding the head of flowers (fig. 
242 6), as in Dandelion, Daisy, and Artichoke. This involucre is often 
composed of several rows of le^ets, which are either of the same or dif¬ 
ferent forms and lengths, and often lie over each other in an imbricated 
manner. When the bracts are arranged in two rows, and the outer row^ 
is perceptibly smaller than the inner, the involucre is sometimes said 
to be caHcul^ as in Senedo. The leaves of the involucre are spiny in 
Thistles and in Dipsacus (fig. 244 e t), and hooked in Burdock. Such 
whoiled or vertiraliate bracts may either remain 
separate (jmlgpkgllous), or be united by adhesion 
{gaan^hylUM^, as in many species of Buplcurum, 
and in Lavatera. In the acorn they form the cujmla 
ca: cup (fig. 257 c), and th^ also form the husky 
covering of the Hazel-nut 
348. When bracts become xmited together, and 
overlie each other in several rows, it o^n happens 
that the outer onbs do not produce flowers or be¬ 
come empty or sterile. In the artichoke, the outer 
imbricated scales or bracts are in this condition. 



Ptg. 288.—Frnlt of Pine-Biiple (Anatuuui taUva), composed of numerous flowers united into one 
msss; the scales, a, belni; modified bmets or floral loaves. The crown, 8, consists of a prolonga¬ 
tion of the axis hearing leaves, which may be considered as a series of empty bracts, a a bracts 
not prodneing flowers in th^ axil 

rig. 287.—Acom, or Fruit of the Oak. c, Cupula or enp, formed by the union of numerous 
brada or floral leaves, the free points of which are seen arranged in a spiral manner. 
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and it is fi:om the membranous white scales or bracts [paUm) forming 
the choke attached to the edible receptacle, that the flowers are pro¬ 
duced. The sterile bracts of the Daisy occasionally produce cajntula, 
and give rise to the Hen-and-Chickcn Daisy. In place of developing 
flower-buds, bracts may, in certain circumstances, as in proliferous or 
viviparous flowers, produce leaf-buds. 

349. A sheathing bract enclosing one or several flowers, is called 
a spatlui or spat/te. It is common among Endogens, as Narcissus, Arum 
(fig. 239 b), and Palms. It is often associated with the spadix, and may 
be coloured as in CaUa br Eichardia asthiopica. When the spadix is 
compoimd or branching, as in Palms, there are smaller spathes sur¬ 
rounding separate parts of the inflorescence, to which the name spa- 
theUcB hM sometimes been given. Tlie spathe protects the flowers in 
their young state, and often falls off after they are developed, or hangs 
down in a withered form, as in some Palms, I'ypha, and Pothos. In 
grasses, the outer scales have been considered as sterile bracts, and 
have received the name of glumes, and in Cyperace® bracts enclose 
the organs of reproduction. 

3.—^THE FLOWEB AKD ITS AFPEHDAOES. 

350. »he newer consists of whorled leaves placed on an axis, the 
interuodes of which ju-e not developed. This shortened axis is the 
Thakmus or torus. There are usu^y four of these whorls or ver¬ 
ticils :—1. The outer one called the calyx. 2. The corolla. 3. Hie 
stamens. 4. The most intermd one, the pistil. Each of these consist nor¬ 
mally of several parts, which, like leaves, folio-# a law of altermition. 
'IhiiLs, the flower of Crossula rubens (fig. 258) presents a calyx, c c, 
comijosed of five equal pieces arranged in a whorl; a corolla,pp, 
idso five parts, placed in a whorl -within the 

former, and occupying the intervals between 
the five parts of the cdyx; five stamens, eee, 
in the spaces between Ae parts of the corolla, 
and consequently opposite those of the calyx;, 
and five parts of the pistU, o o, which foUow 
the same law of arrangement. Again, in 
Scilla italica, the parts are arranged in sets of 
ihree in place of five, as shown in fig. 259, 
where pf p/ are three parts of the external 
whorl; p/'p"pf’, three of the next whorl; sss 

s', an outer row of stamens; e", an inner row; o, the pistil formed 
of three parts. It is distinctly seen iii .these instances, that the parts of 
the flower are to be regarded as leaves arranged on a depressed or 
shortened axis. 

FIff. 25R.—Ftower of Crassola ec, FoliolaofcalnorBepala />/>, Petals, ee, Stamens. 

o o, Corpe^ eacli of them having a msU scale-hho ajrpenaa^A <*1 At their base. 





168 


I-LOEAL ENVELOPES. 


351. When all the parts of the Sower are separate, <and nomally 
developed, there is no difScuIly in tracing this arrangement ; but in 

many cases it is by no means an easy mat¬ 
ter to do so,, on accoimt of changes pro¬ 
duced by the union of one part to another, 
by degeneration, by the abortion or non¬ 
development of some portions, and by the 
multiplication or foldmg of othera* Of 
the four whorls noticed, tlie two outer (calyx 
and corolla), are called ^^oral erti>elcpes; the 
two inner (stamens and pistil), are called 
essential organs. When both caljrx and 
corolla are present, the plants are DkUamy- 
deous (ile, twice, and a covering); 

25d occasionally one or both betwme abortive, 

and then the flower is rather MonoeMaimjdmis single), having 

a calyx only, or Acldamydeom (« privative) or naked, having only 
the essential organs, and no floral envdope. 

352. The Fismi Envelopes consist of the calyx and corolla. In 
most cases, especially, in Exogens, these two whorls are easily dis¬ 
tinguishable, the first being external and green, the latter internal, 
and more or less highly coloured. If there is only one whorl, then, 
whatever its colour or degree of development, it is the calyx. Some¬ 
times, as in many Endogens, the calyx and corolla both diq)lay rich 
colouring, and are apt to be confounded. In such cases, the term 
PenontA (w«jJ, around, and iyiaf, flower), or Perigom (n-ejl and ywi, 

pistil), has been apphed to avoid 
ambiguity. Thus, in the TuUp, 
Crocus, Lily, Hyacinth, in place 
of calyx and coroUa, authors 
speak of the parts of the peri¬ 
anth, although in these plants, 
an outer whorl (calyx), may be 
detected, of three parts, and an 
ionra’ (corolla), of a similar 
mnnber arranged alternately. 
Thus, the perianth of the White 
iiily (fig. 260 ph consists of 
three outer parts, p e, alternating 

* At the conclusion of the remarks on tlie oi^ans of r^foodnctlon, notice is taken of various 
metamorohowis produced In flowers tb^ causes above sporifled. 

¥lg. 859.—Flower of Scilla italica. p' p 'Three extomid leaflets, or divifdons of tho perianth 
or Perlgone. p" jy* p\ The three internal leaflets, s', Stamens, opposite to tho flrat or external 
leaflets. Stamens, oppo^te the second or internal leaflets, o, Ovaries united together into 
one. s, Three styles, couBolldatod so as to form one. 

Fig. 860.—S^wet of White idly {JlAlMum aihwn). p, Feilmith or Perigono, haring three parts 
exterior, p e, alternating with three interior, pie, having vemattle anthers attached 

to the fay pf the filaments, s, Stigma at the EpQX Of tlie Style. 

> . 
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with three internal parts, p i, surroiinding the essential organs, e, 
the stamens, and, s, the pis^. 

853. The term perianth then is usually confined to the flowers of 
Endogens, whatever eolour they present, whether green, as in Aspa- 
. ragus, or coloured, as in Tulip, Some use the term perianth as a 
general one, and r^triot the use of perigone to cases where a pistil is 
present, not applying it to unisexual flowers, in which stamens only 
are produced. In some plants, as Njinphaa alba (fig. 310), it is not 
easy to say where the calyx ends, and the eorolla begins; as these two 
whorls pass insensibly into each other. 

354. riwwwbad.—^To the flower-bud, the name aUtbastrus (mean¬ 
ing rose-bud) is sometimes given, and its period of opening has been 
called antftesis (xuitsrif, flower opening), whilst the manner in which 
the parts are arranged with respect to each other before opening, is 
the cestivatkm. (cBsiims, belonging to summer), or prwjloration (pree, 
before, and Jlos, flower). The latter terms bear the same relation to 
the flower-bud, that vernation docs to the leaf-bud, and distinctive 
mimes have also been given to the different arrangements which it 
exhibits. When the parts of a whorl are placed in an exact circle, 
and are applied to each other by their edges only, without overlapping 
or being folded, thus resembling the valves of a seed-vessel, the assti- 
vation is vedmte, as in Calyx of Guazuma ulmifolia (fig. 261 c). The 
edges of each of the parts may be turned either inwards or outwards; 
in the former case, the sastivation is indvplieate, as in corolla of Gua¬ 
zuma ulmifolia (fig. 261 p), in tiie latter reduplicate, as in calyx of 
Althasa rosea (figs, 262 c, 268 c). When the partS*of a single whorl 
are placed in a circle, but each of them exhibits a torsion of its 
axis, so that by one of ite sides it overlaps its neighbour, whilst its 



FUf. SCI.—of calyx, and corolla, in the bud of Guazuma ulmUblia. ^Kstivatlon 
of cuyx valvate. of petals indupUcato. 

Hit. —Diagram of calyx, e, aud corolla, p, in the flower^bud of Alth®a rosea. ,£sdvation 

of cmyx reduplieato, of pet^ contorted or twisted. 

Fig. 863.—Flower*bua of Al^sea rosea in a young state, showing calyx, c, stlU completely 
enveloping the otlier parts, and the edges of its divisions touching eadi other. 

Fig. 1264.—The s^e in a more advanced state, where the calydne divisions, c, are separated 
so as to allow the expansion of the corolla, the petals of whidi, p, are contorted in sestlvaaon. 
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aide is overlapped in like manner by that standing next to it, the 
testivation is twisted or cemtorted, as in corolla of Althroa rosea (figs. 
262 p, 264 p). This arrangement is characteristic of the flower-buds 
of the Malvaceaj and Apocynacese, and it is also seen in the Gonvolvn- 
lacesa and some Caryophyllacete. Wlien the flower expands, the traces 
of twisting often disappear, but sometimes, as in Apocynaceas, it 
remains. 

855. In these instances of sestivation, the parts of the verticils are 
conadered as being placed regularly in a cMe, and about the same 
height, and they are included under circular asstivation. But there 
are otW cases in which there is a slight difference of level, and then 
the true spiral arrangement exhibits itself This is well seen in the 
leaves of the calyx of Camellia japonica (fig. 
265 c), which cover each other partially like 
tiles on a house. This sestivation is imbricated. 
At other times, as in the petals of'Camellia 
(fig. 265 p), the parts envelop each other com¬ 
pletely, so as to become conuolvte. This is 
also seen in a transverse section of the calyx 
of Magnolia grandiflora (fig. 267), where 
each of the three leaves embraces that within 
it. When the parts of a whorl are five, as 
occurs in many Exogens, and the imbrication 
is such, that there are two parts external, two 
internal, and a fifth which partially covers one 
of the intenial pafts by its margin, and is in its turn partially covered 
by one of the extemd parts, the testivation is (puncuuxial (fig. 266). 
Ihis quincunx is common in the corolla of liosacese. Fig. 266 is a 
horizontal section .of the calyx in the flower-bud of Convolvulus 

sepium, in which the parts are 
numltered according to their 
arrangement in the sj>iral 
cycle, and the course of the 
spiral is indicated by a line of 
points. In fig. 268, a section 
is given of the bud of Antirr¬ 
hinum majtis, showing the 
imbricated spiral arrangement. H this case it will be seen, when 

Rg. 265.—Rower-bud of Camellia Japonica. c, Imbricated aepais the calyx, j), Petals with 
convolute sestivation. 

Fig, 8^—Horizontal section of calyx In flower-bud of Convolvulus sepium. Calyx consists 
of five sepals corresponding to the numlicTS in the figure, and the line of points indicates the 
dlneotiMi of the spiral according tu which they ore arranged. 

i67.— AiTangement of tlio throe outer leaflets (calyx) in the bod of Magnolia grandiflora, 
4!iit mnsversely; sestivation convolute. 

• Rg. 268,—Ammgeinent of the parts of the calyx in the flower of Frogsmouth (Antirrhinum 
me^us). The arrangement differs from tliat in tg, 266, on account of a slight twist^ and over¬ 
lapping of tihe pam 
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contrasted 'vrith fig. 266, that the part marked 2, by a slight change 
in position, has become overlapped by 4. In flowers, su^ as those 
of the Pea (f 379, fig. 292), one of the parts, the vcxillum, is often 
large and folded over the others, giving rise to vexillary ajstivation, 
or the Carina may perform a similar part, and tEeh the ajstivatian 
is carinal. 

356. The different verticils often differ in thar mode of aestivation. 
Thns, in Malvaceae, the corolla is contorted, and the calyx valvate, or 
reduplicate (fig. 264). In- Convolvulaceae, while the corolla is twisted, 
and has its parts arranged in a circle, the calyx is imbricated and 
exhibits a spiral arrangement (%. 266). In Guazuma (fig. 261), the 
calyx is valvate, and the corolla mdupEcate. The drcular asstivation 
is generally associated with a regular calyx and corolla; while the 
spiral ffistivations are connected with irregular as well as regular forms. 

357. The different parts of the flower, besides having a certain 
position as regards each other, bear also definite relations with respect 
to the floral axis whence they arise. An individual part of a flower 
may be turned to the one or the other side of the axis, to the right or 
to the left, in its normal state, and the same will be the case with the 
corresponding parts of the other flowers. This law often holds good 
with whole groups of plants, and a means is thus given of chaiacter- 
iting them. If a whorl of the flower consists of four parts, that wliidi 
is turned towards the floral axis is called mperior or posterior, that 
next the bract whence the pedicel arises is infirior or anterior, while 
the other two are lateral. If again, there are five parts of the whorl, 
then two are inferior, two lateral, and one superior. In plants having 
blossoms like the Pea, the vexiUmn, or odd petal, is the superior part; 
whilst in the calyx, the odd part, by the law of alternation, is inferior. 
Sometimes the twisting of parts makes an apparent change in their 
])osition. 


External Floral Whorls, or Floral Envelopes. 

358. CMiyx.—The cal 3 ^x is the external -envelope of the flower, and 
consists of verticiUate leaves, called sepals, foUola, or phyUa (folium, and 
a leaf). These calycine leaves are sometimes separate ftom each 
■ither, at other times they are united to a greater or less extent; in 
fhe former case, the calyx is pohjsfyalom or ^lyphyllom (b-oAuj, many), 
in the latter gamosipalmts or gamopTiyUmis, monosepalom or monophyl- 
lom union, or ftlnat, one). The divisions of the calyx present 

usually all the characters of leaves, and in some cases of monstrosity 
they are converted into the ordinaiy leaves of the plant. This is 
frequently seen in the Bose (fig. 226 c), Pasony, &c. Their structure 
consists of cellular tissue or parenchyma, traversed by vascular bundles, 
in the form of ribs and veins, containing spiral vessels, which can be 
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unrolled, delicate woody fibres, and other vessels,—^the whole being 
enclosed in an epiderm^ covering, having stomata, and often hairs on 
its outer suifiice, which corresponds to the under side of the leaf. 

359.—^The venation of Ihe calyx in the great divisions of the vege¬ 
table kingdom, is similar to that of their leaves; parallel in Endogens, 
reticulated in Exogens. The leaves of the calyx are usually entire 
(fig. 269), but occasionally they are cut in various ways, as in the 
Rose (fig. 270 c f), and they are sometimes hooked at their margins, as 
in Rumex imcatus (fig. 271 c i). In the last-named plant, there arc two 



whorls of ealycine leaves, the outer of which, c e, are entire, and there 
are also swellings, g, in the form of grains or tubercles on the back 
of the inner hooked sepals. The outer leaves, c e, may be looked upon 
in such cases as bracts occupying an intermediate place between leaves 
and sepals. It is rare to find &e leaves of the calyx stalked. They 
usually consist of sessile leaves, in which the laminar portion is only 
slightly developed, and frequently the va^al part is alone present. 
Sepals are generally of a more or less oval, elliptical, or oblong form, 
with tlie extremity either blunt or acute. In their direction they 
are erect or reflexed (with their apices downwards), spreading out¬ 
wards (divergent or patulous), or arched inwards (connivent). They 
are usually of a greenish colour, and are called folmceom or herbaceous; 
but sometimes they are coloured, as in the Fuchsia, Tropoeolum, and 
Pomegranate, and they are then called petaloid. Whatever be its 
colour, the external envelope of the flower must be considered as the 
calyx. 


Fig. 269.-~Pentapl2yilou8 or pentasepalous calyx of StdQarla Holostea; aopals entire. 

Tia. 270.^—Flow^ Of the Rose, cat vertically, e t. Tube of the calyx. «/, Limb of calyx divided 
into leaflets, e e, Stamens, o o, Ovaries, each having a stylo which reaches beyond the tube of 
the calyx, and ending in a stigma, s. 

Fig. S71-—Calyx of Kumex nneatns, composed of two verticils or whorls; the outer, e e, having 
short and entire divisionB; the inner, e having larger divisions, which exhibit at Uie margin 
narrow booked projection^ and have at tiioir base a ^nnlu swelling, g. 
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360. The nature of the hairs on the oaljx pFes rise to terms shni'- 
lar to those already mentioned as applied to the surfaces of plants 
(T 60). The vascular bundles 
sometimes form a prominent rib 
(figs. 272, 273), which indi¬ 
cates the middle of the sepal, at 
other times they form sevei^ (fig. 

274). The venation is useful in 
pointing out the number of leaves 
which form a gamosepalous calyx. 

At the part where two se^s 
imite, there is occasionally a pro¬ 
minent line, fonned by the uniou 
of the vcssds of each (fig. 274), which divides near the apex into two 
branches, each following the course of their respective sepals. 

361. In a polysepalous calyx, the number of the parts is marked by 
Greek numei^ prefixed. Ihus, a trisepalotm calyx has three sepals, 
pentasepalous or pentaphyllms, five, as in Stellaria Holostea (fig. .269), 
and so on. The sepals occasionally are of difi'erent fonns and sizes. 
Thus, in Aconite, one of them has a peculiar helmet shape, and has 
been Cidled gakate {gaka, a helmet); some authors regard tl»is as a 
petal, but it seems to belong to the outer whorl, and is consequently 
a part of the calyx. In Calcophyllmn, one of the sepals enlarges after 
the corolla falls, and becomes of a fine pink colour. 

362. In a monophyUous or gamosepalous calyx, the sepals adliere 
in various ways, sometimes very slightly, as in CEnothera; and their 
number is marked by the divisions at tibe apex. These divisions are 
either simple projections in the form of acute or obtuse teeth (fig. 273), 
or they extend about half way, as fissures, the calyx bemg trijid (three- 
deft), qpirupxejid (five-deft), as in Primula elatior (fig. 272), according 
to circumstances; or they reach to near the base in the form of parti¬ 
tions, the calyx being Iripariik^ quadripartite, qumquepatiite, &c. The 
adhesion or union of the parts may be complete, and the calyx may 
be quite entire or truncate, as in some Correas, the venation being 
the chief indication of the different parts. The adhesion is sometimes 
irregular, some parts tmiting to a greater extent than others, thus 
forming a two-lipped or labiate calyx, which, when the upper lip is 
arched, becomes ringent. The u^per lip is often composed of three 
parts, which are thus posterior or next the axis, while the lower has 
^o, which are anterior. The part formed by the union of the sepals 
is called the firje of the calyx; the upper portion where the sepals 
are free is the limb. Sometimes a monophyUous calyx assumes an 

or SroHSlelt calyx of Frimnla elatior or the oxlip. 

S*' S?-—Five-fciothed calyx of Silenc inflata. 

JJig. 274.—Calyx, c, of HibUMms, with its colieulos or eplcalyx, b. 
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angular or prismatic form, as in Lamium and Frimnla, and then the 
angles are marked by the midribs of the sepals which form it. 
Occasionally the calyx has a globular form, at other times it is bell 
shaped, fiinnel-shaped, turbinate (like a top), or inflated. 

363. Occasionally, certain parts of the 
sepals undergo marked enlargement. In the 
Violet, the c^ycine segments (Jacmce) are pro¬ 
longed’ dowwards beyond thmr insertions, 
and in the Indian Cress (Tropasolum) this 
prolongation is in the form of a spur (calcar), 
formed by three sepals (fig. 275, e); in Del¬ 
phinium it is formed by one. WTicn one or 
more sepals are thus enlarged, the calyx is 
calcarate or spurred. In the Pelargonium, the 
spur from one of the sepals is adherent to the 
flower-stalL 

364. In some plants as the Mallow tribe, the flower appears to be 
I>ro-vided with a double calyx, which has been denominated calimlate 
the outer calyx being the epkalgx. In fig. 274, c represents the calyx 
of Hibiscus, and b the smaller calyx or epic^yx outside; and in fig. 

>» 276, the same thing is shown in PotontiUa vema. 

hlany authors look upon the outer calyx as a col- 
lection of whorled bractlets, or an involucre placed 
immediately below the flower. In some cases the 
projecting teeth between the divisions of the calyx, 
as in Rosaoeffi, are to be traced to the transformed 
ft stipules of the calycine leaves. Degenerations take 

place in the calyx, so that it becomes diy, scaly, and 
glumaceom (like the glumes of grasses), as in the Bush tribe; hairy as 
in Compositffi; and a mere rim, as in some UmbeUiferee and Acanthaceas, 
when it is called obsolete or marginute. 

865. In Composite, Dipsaccie, and Valerianaceas, the tube of the 
calyx adliercs to the pistil, and the limb is developed in the form of 
hairs, called pappus. This pappxis is either simple (jnlose) (fig. 278), 
or feathery (plumose) (fig. 279). In oases where, to the naked eye, the 
hairs appear to be simple, the application of a lens sometimes evViihhji 
distinct tooth-like projections often irregularly scattered. In figs. 
277, 278, and 279, there are exSmples of calyces, c, the tubes of 
which, <, are united to the pistil, whue the limbs, I, show a transition 
from the narrowed thread-lie form in Catananche cajmlea (fig. 277), 
to the pEose in Scabiosa atro-purpurea (fig. 278), and thence to the 
plumose in Pterocephalns palssstinus (fig. 279). In Valeriana, the 
limb of the calyx at first seems to be an obsolete rim, but as the fruit 
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ripens, it is shown to consist of hairs rolled inwards, which expand so 
as to waft the fruit 



3(56. ITie calyx sometimes falls off before the flower expands, as in 
Poppie»s, and is caducous; or along with the corolla, as in Banuncolus, 
and is deciduous; or it remains after flowering, as in Labiatse, Scrophu- 
lariaceaj, and Boraginacea!; or its base only is persistent, ais in Datura 
Stramonium. In Eschscholtzia and Eucalyptus, the parts of the calyx 
remain united at the upper part, and become disarticulated at the base 
t)r middle, so as to come off' in the form of a lid or funnel. Such a 
ealyx is op&'culate {operadum, a lid), or calyptrate a cover¬ 

ing). The cxi.stence or non-existence of an articrulation determines 
the deciduous or persistent nature of the calyx. In the case of Esch- 
scholtzia, the axis seems to bo jirolonged so as to form a sort of tube, 
from which the ealyx se])arate8. In Eucalyp¬ 
tus, the cjilyx consists of leaves, the lamina: or 
petioles of winch are articulated like those of 
the Orange, and the separation between the 
parts occurs at this articulation. 

367. The tube of the csdyx is sometimes 
united to the pistil, and enlarges subsequently, 
so as to form a part of the fruit, as in the Apple, 

Pear, Pomegranate, Gooseberry, &c. In these 
fruits the limb of the calyx is seen at the apex. 

•Sometimes a persistent calyx increases much 
after flowering, without being incorporated with 
the fruit, becoming accrescent {ac^esco, to in¬ 
crease), as in various species ofPhysalis (fig. 280); 

ildbt It ^adually paRS Into tho stato of 
ited to tho ovary, forms a uturrow 
of numerous simple or featbciy lioiiv. 


of Pliysalis allcekc&gi. 


—Examples of oolyces, the limbs of • 
nairs or )>app\i8. c, Calyx, the ^be of vriiich, t is i 
tbe limb, I, comuskiii 

* TO bracts cut vertically, 

TO®* datananche cairulea. 

to 5* Seabiosa atro-pimmrea. 

TO?* ^ Pteroceiihalus paliestinus. 

JfMT. asa—Accrescent calyx, c, connected with the fru 
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at otlier times it remains in a "withered or marcescmt (marcesco I 
decay) form; sometimes it becomes inflated or vesicular. In Trifolium 
fragiferum, the union of the inflated calyces causes the strawberry-like 
appearance of the head of flowers when in fruit. 

868 . Cimaiia.—^The corolla is the more or less coloured iimer floral 
envelope, forming the whorl of leaves between the calyx and the 
stamens. It is generally the most conspicuous whorl. The gay colours 
and frbgrant o£)urs of flowers are resident in it. It is present in the 
greater number of Exogens. It is composed of parts which are usually 
disposed in one or more verticfllate rdWs, aajd which are called petals 
{mrttKon, a leaf). The petals sometimes form a continuous spiral with 
the calycine segments, but in general they are disposed in a circle, and 
alternate "with the sepals. 

369. Petals difier more from leaves thim sepals do, and are much 
more nearly allied to the next whorl or the stamens. In some cases, 
however, tjiey are transformed into leaves like the calyx, and occa¬ 
sionally leaf-buds are developed in their axil. Tliey are seldom green, 
although occasionally this colour is met "with, as in some Cobaas, 
Hoy a "viridiflora, Gonolobus viridiflorus, and Pentatropis spiralis, 
'rhey are generally white, led, blue, or yellow, or exhibit some colour 
produced by an intermixture of these. Hie colouring matter is con¬ 
tained in cells, and diflfers in its nature from the chlorophylle of the 
leaves. As regards their structure, petals consist of c^ular tissue 
traversed by true spiral vessels, and tliin-waUed tubes. In delicate 
flowers, as Convol-^us and J^gallis, these vessels are easily seen 
under the microscope. Petals do not usually present numerous layers 
of cells like tlie leaves, neither is the epidermis always distinct although 
in some instances it may bo detached, especially from the surface next 
the calyx. The cutiele of the petal of a Pelmgonium, when viewed 
with a J or :!■ inch object glass, shows beautiftfl. hexagons, the boun¬ 
daries of which are ornamented with several inflected loops in the 
sides of the cells. 

370. On the outer surface of petals, corresponding to the lower side 
of leaves, stomata are sometoes found. Petds are generally glabrous 
or smooth; but, in some instances, hairs are produced on their sur¬ 
face. Petaiine hairs, though sparse and scattered, present occasionally 
the same arrangement as those which occur on the leaves: tlius, in 
Bombaccie they are stellate. Coloured hairs are seen on the petals 
of Menyanthes, and on the segments of the perianth of the Iria 
Although petals are usually very thin and delicate in their texture, 
they occasionally become thick and fleshy, as in Stapelia and Eaf- 
flesia; or dry, as in Heaths; or hard and stiff, as in Xylopia. A petal 
often consists of two portions—the lower narrow, resembling the 
petiole of a leaf, and called the immis or claw; the upper broader, like 
the blade of a leaf, and called me lamina or limh. These parts are 
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seen in tte petals of the Pink (fig. 281), where o is the claw, and I 
the limb. The daw is often wanting, as in the Eose, and the petals 
are then sesstfe. Those having a daw are ungid- 
culate. 

371. Petals, properly so. called, belong to Exo¬ 
genous plants, for in Endogens the flowers consist of 
a perianth or perigone, which is referred to the caly- 
cine envdope. Hence the venation of petals resem¬ 
bles that of exogenous leaves. In the daw the 
vessels are approximated, as in the petiole, and in 
the limb they expand. There may be a median 
vein whence lateral veins go off, at the same or dif¬ 
ferent heights, forming reticulations; or there may 
be several primary veins diverging from the base 
of the limb, and forming a sort of fan-shaped vena¬ 
tion. At other times the median vein divides into two. 

372. According to the development of veins, and the growth of 

cellular tissue, petals present varieties similar to those already noticed 
in the case of leaves. Thus the margin is either entire or divided 
into lobes or teeth. These teeth sometimes form a regular fiinge 
round the margin, and the petal beconles Jmbriated^Jmbrm, a fringe), as 
in the Pink (fig. 281); or lacinialed, as in Lychnis Flos cuculi; or crested, 
as in Polygda. The median vein is occasionally prolonged beyond 
the summit of the petals in the form of a long process, as in Strophan- 
thtis hispidus, where it extends for seven inches; and at other times it 
ends ill a free point or cuspis, and thus becomes cuspidate; or the pro¬ 
longed extremity is folded downwards or inflexed, as in Umbellifene 
(fig. 282), so that tlie point approaches to the base. If the median 
vein divides into two, the space between n ^ 
the divisions may be filled up so as to leave /i jP' 
only a slight deficiency, and thus the petal / i 
becomes eimwginate; or the deficiency may \'p'P 
be greater, while the limb gradually expanifo IrXl ^ 
from below upwards, and its extremity (yH /;/ 
becomes two-lobed, so that the petal be- A / 
comes obcordate. If the separation extends /.// 
to the middle, it is bifid; if to near the ‘>V 
base, bipartite, as in Chickweed (fig. 283 t). ^ 

in the same way as in leaves, the venation of the petals is sometimes 
unequal, and the cellular tissue is developed more on one side than 
on the other, thus giving rise to an oblique petal. 

Fig. 38L—An onguiculate petal of l>tanthps monspcssulonus. o. Unguis or claw. ^ limb 
WiiieJi 1 r HmbriateiU or has a mnged margin. 

rig. 282.—A petal of JEryngitun cam}>cstre, with the apex inflected or turned down towards 

e oas& 

ng. A bixiartite petal of Alsine Medio, or common Chickweed. The limb split into two 
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378. According as tihe Tans proceed in a straight or curved direc¬ 
tion, so may the fimb of the petal be flat or concave, or hollowed like 
a boat, cymbiform or navicular (cymlta, a boat, and navis, a ship), or 
like a spoon, cochlmriform (cochleare, a spoon). In the case of the 
naviculm petal, the median vein forms a marked keel. In Hellebore, 
the petals become folded in a tubular form, resembling a horn; in 

Aconite (fig. 284), some of the 
petals, p, resemble a hollow 
curved horn, supported on a 
grooved stalk, while in Colum¬ 
bine (fig. 285), Violet, Snap¬ 
dragon, and Centronthus, one 
or all of them are prolonged 
in the fonn of a spur, and are 
cakarate (calcar, a spur). In 
Valeriana, Antirrhinum, and 
Coiydalis, the spiu- is verv 
short, and the corolla or petal 
is said to be gibbous (gibbus, a 
bunch or swellmg), or saemte 
at the base. In some Boru- 
ginace® (fig. 297), there arc 
foldings at the upper part of 
thetube of thecoroUa, r, csius- 
ing hollow projections, open 
on the outside, which might be considered as small internal spurs. 

374. When a petal continues narrow, as if formed by a prolonga¬ 
tion of the claw, it is called linear-, when the Umb is prolonged below, 
so as to form two rounded lobes, it is cordate, as hi the petal of Genista 
candicans (fig. 286), and when the lobes are acute, it may be sagiUate 
or hastate. The meaning of the cpitliets applied to the forms of jictals, 
win be understood by considering those a])plicd to leaves. In general, 
it may be stated, that tlie terms refer to the limb of the petal, which is 
frequently the only portion developed. In the Poppy, the petals have 
a puckered or corrugated appearance, arising from their delicacy, and 
the mode in which they are folded in asstivation. Other petals have 
a msp or watJy margin. 

375. A corolla rarely consists o^ one petal, and when this occurs, 
as in Amorpha, it depends on the abortion or non-development of 
others. Such a corolfo is unipetaUm (unus, one), a term quite distinct 

Fi(r. 28t~Part of the flower of Aconltum Napclltw, shon'iiiK two Irrcgnlar hom-Uko petalA p, 
rapportod on grooved stiilka, o. lliose used to ho called aeitarica s, The whorl of stamens 
inserted on the thulamns, and surrounding tlie pistil. 

Fig. itSS.—Single spurred petal of Aquilegia vulgaris, or common Columhine, formed hy n 
folding of the margina 

Fig. 2S(!. —Cordate or cordlform petal of Genista candicans. o. Tlie claw. 1. The llmh. 
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from monopetaloiis 376). In general, the corolla consists of several 
petals, equalling the sepals in number, or being some multiple of 
them, l^en this is the case, the floral envelopes are said to be sym- 
metrical; when, however, by the abortion of some of the petals the 
numbers do not correspond, then the flower becomes unsymmetrical. 
When alluding to the general symmetry of the flower, the various 
changes produced by some petals being undeveloped will be considered. 
A corolla is dipetalow, tripetalom, tetrapetalcm, or pentapetalous, 
according as it has two, three, four, or five separate petals. 

376. The general name of polypetaUms {raxis, many), is given to 
corollas having separate petals, while rmnopetalous or gamopetahm 
{(tivoi, one, and yifMi, union) is applied to those in whi& the petals 
are united. This union generally takes place at the base, and extends 
more or less towards the apex; in Phytetunft, the petals are tmited at 
their apices also. In some polypetalous corollas, as that of the Vine, 
in which the petab arc separate at the base, they adhere by their 
apices. That a monopetalous corolla consists of several petals xmited, 
is shown in such cases as Phlox amoena, some specimens of which have 
the petals more or less completely disunited, while others exhibit the 
normal fonn of coherent petals. When the petals are equal as regards 
their development and size, the. corolla is reguko'; when unequal it is 
irregular. Even although the separate pet^s are oblique, still, if they 
are aU equally so, as in many Malvaceae with twisted a:stivation, the 
corolla is regular. The size of the corolla as compared tvith the 
calyx, the number, direction, and form of its parts, and tlicir relation 
to the axis of the plant, require attention. » 

377. "When a corolla is monopetalous, it , 
usually happens that the claws, or the lower ^ 
parts of the petals, are united into a tube 
(figs. 287 <, 288 <), wlule the upper parts are 
citlier Iree or partially united, so as to form a 
conunom limb (fig. 287 1), the two portions 
being separated by the Jaux or throat, which 
often exhibits a distinct contraction or ex¬ 
pansion. The numbei’ of parts forming 
such a corolla can be determined by the 
divisions, as by the munber ^of teeth, 

• ’i-cnations, fissures, or partitions; or if, as 
Tiuely liappens, tlie corolla is entire, by the 
venation. The imion may be equal among 
the parts, or some may unite more than 



Jiff. 287.—TtegiiJar mouopetalouH or ffamopetsloas tubular corolla of muiylanUifa. 

^ VI ^ Tube of the corolla. Z, limb of tlic coioUa. Summit of style and Htijfina. 

riff. 288.—Ipegular gamoi>ctalou« or monopetaloos corolla of Df^talis purpurea, or Foxglove, 
c, Calyx, jp, Corcilo. #, Tulte. I, liml). 
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Others, leaving gaps between the united portions. Sometimes the 
tubular portion is bent, as in Lycopsis; at other times the limb is 
curved at its apex, as in Lamium. 

378. BcBBiar PaijrpeistoiiB caroUaa. —Among them may be noti^ 
the rosaceous corolla, in which there are five spreading petals, having 


289 290 

no daws, and arranged as in the single Rose (fig. 289) and Potentilla; 
the caryophyllaceom corolla, in which there are five petals with long 

narrow tapering daws, as in many 
of the Pink tribe (figs. 290, 281); 
the alsinacecms, where the daw is 
less narrow, and there axe distinct 
spaces between the petals, as in some 
spedcs of Chickweed; cruciform, 
having four petals, often unguiculate, 
placed opposite in the form of a 
cross, as seen in Wallflower (fig. 
291), and other plants called cms- 
fergus (crux, a cross, and fero, to bear). 

379. Irregnlar Polypetalan* Corollas. —^Ihe most marked of these 
is die pajgiUmaceous (fig. 292), in wliich there are five petals; one 
superior (or posterior), turned next to the axis, usually larger than the 
rest, e, and folded over them in sestiyation, called the vexMum or stan¬ 
dard; two lateral, a, the alee or wings; two inferior (or anterioi^, partially 

Fie. 989.—^Po1v7>ctalotifl flower of Uosa rubi^nosa, or the Sweet-brier, Bmct or floraJ leaf. 

6 ft ^be of cafyz, wbicb forms the conspicuous part of what is commonly called the 
e/i c/, c/, Sei^sorfolidlaofthocalyx. Petals, without a claw. Stamens attached 

to the calyx. 

FUg. 990.—^Polypetalous flem'dr of Dianthus monspessnlanus. b, Bracta c, Calyx, p Petals 
with their daws, o. approximated so us to form a tulie. 

fig. 291.—'Crucimrons flower of Cherianthus Cheiri, or Wallflower, c, liOhes of the sepals; the 
two external sepals being prolonged infbilorly, so as to flmn a sort of spur or swelling, p p„ The 
flmr petals arranged like a cinss. e, The four longer stamci^ the summits of the anthers being 
\'ialbie. 
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or completdy covered by the alae, and often rmited slightly by thdr 
lower margins, so as to form a single keel-like piece, J, called carim, 
or keel, which embraces the essential organs. This 
corolla occurs in the Leguminous plants of Bri¬ 
tain, or those plants whi^ have flowers like the 
pea. Among the irregular polypetalous corollas 
might be included the orchidacecm, although it is, 
properly speaking, the perianth of an Endogen. 

This' perianth consists of three outer portions 
equivient to the calyx, and three inner dtemat- 
ing with them, constituting the petals. The latter 
are often very irregular, some being spurred, 
others hooded, &c.; and there is always one, called the hbellum or lip, 
which presents a remarkable development, and gives rise to many of 
the anomalous forms exhibited by these flowers. 

380. Beanlar Blonopctnions or OainapetBlom Corolla*. —^These are 
sometimes campanulas or bell-shaped, as in Campanula rotundifolia (fig. 
293); injundsbulifai-m or funnel-shaped, when the tube is like an inverted 
cone, and the limb becomes more expanded at the apex, as in Tobacco 
(fig. 294;) hypocrateriform or salver-shaped, when there is a straight 
tube surmounted by a flat spreading limb, as in Primula (fig. 295); 
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tubular, having a long cylindrical tube, appearing continuous with the 
limb, as in Spigelia (fig. 287), and Comfrey (fig. 296); rotate or wheel- 

Flp. 292.~IiTefiralar polypetiilouB poroUa in the iiapilionaceouB flower of I^athyms odoratne, or 
Cf Calyx, c, Vcxillum or standard, a, Two ala? or wlng& h. Ctuizia or 
oftwopetalB. 

Fiff. 293.—Roffular monopetalono or gamopotalous campannlate or bell-shaped corolla of Cam- 
rotundifolia. c, C^x. Limb of corolla. «, SUgma. 

Fig. 2^—Regular monopetalous or gamopetaloos iniUndibuliform corolla off Kicotiona Tabo- 
cam, or Tobacco. Tlie lettera us In fig. 203. 

"9.5,—Regular monopetalous or gamopotalous hypocrateriibnn corolla of ITimula elatior, 
c» Calyx, p, CoroUa. Tube. XJmb. «, Anthorti. 

- gamopetalous tubular corolla of Symphytum offlcln^e, or common ComlVey, 

1 . 4 I^b. a, Stigma, r* External depressed suifaco off ffblds whidi 

project Into the tube of the corolla. 
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shaped, when the tube is very short, and the limb flat and spreading, 
as in Myosotis (fig. 297); when the divisions of the rotate, corolla aie 
very acute, as in Gralium, it is sometimes called steltaternf~sSir-like; 
ureeolate or um-shaped, when there is scarcely any limb, and the tube 
is narrow at both ends, and espanded in the middle, as in Erica 
cinerea (fig. 298). Some of these forms may become irregular in 
consequence of certain parts being more developed than others. Thus, 
in Veronica, the rotate coroUa has one division much smaller than the 
rest, and in Digitalis there is a slightly irregular campanulate corolla 
(fig. 288), which some have called digitaliform. 
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381. Irregnlar monopetalons or Gainapeialan Corolla*. —^Among 
the^ may be remarked the labiate or lipped (fig. 299), having two 
divisions of the limb in the form of what are called IxAna or lips 
(fiom a fimeied resemblance to a mouth), the upper one composed 
usually of two pieces, and the lower of three, separated by a hiatus or 
gap, Z. In such cases the tube varies in length, and the parts of the 
calyx follow the reverse order in their union, two sepals being united 
in Ae lower lip, and three -in the upper. When the upper lip of a 
labiate corolla is much arched, and the lips separated by a distinct 
gap, it is called ringent (ringor, to grin). The Labiate coroUa charac¬ 
terizes the natural order Labiate. In Lobelia, there is a Labiate corolla, 
the upper lip of which becomes convex superiorly, and is split to near 
the base. When the lower lip is pressed against the upper, so as to 
leave only a chink or rictus between them, the coroUa is said to be 
personate or mashed. {persmM, a mask), as in Frogsmouth, Snapdragon, 
and some other Scrophulariaceae (fig, 300), and the projecting portion. 


Rg. 297.--Regular garaopetolous rotate coroUa of Myosotis palustris, or Forget-me-^ot c. 

Fi corolla, forming projections at the upper jmrt of the tube, 

which are opporite to the lobes of the corolla. mv. 

Fig. m—Kegular gamopetalous ureeolate or um-shaped coroUa of Erica cinerea. or cross- 
leaved Heath. Letteia os in llg. 296. 

Rg. m—Irreguto mmopeMous labiate or Upped corolla of Salvia pratensls. c, Calya. u 
Tube of coihll*. J, Limb, foimlng two Ups, having a gap or hiatus between them. », Summit rf 
Style. 

fig. 800.—Irregi^ gamopetalons personate or mashed corolla of Antirrhinum maiua. or 
fjogsmouth. A C^yx. ts Tube of coroUa, having a gibbosity or swelling, a, at Its base. 7. Umb 
of coroUa. g, The faux or mouth closed by a projrotlon of the lower lip, j>. 
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of the lower lip is called the pakUe. In some corollas the two lips 
become hollowed out in a remarkable maimer, as in Calceolaria, assum¬ 
ing a slipper-hke appearance, similar to what occurs in the labellum 
of some Orchids, as Cypripedium. Such cakeohie {cakeohts, a slipper) 
corollas, may be conadered as consisting of two slipper-like lips. 

382. When a tubular corolla is sjilit in such a way as to form a strap- 
like process on one side with several tooth-like projections at its apex, 
it becomes Ugulate (ligula, a little tongue), or strap¬ 
shaped (fig. 301). This corolla occurs in many 
composite plants, as in the florets of Dandelion, 

Daisy, and Chiccory. The number of divisions 
at the apex indicates the number of united petals, 
some of which, however, may be abortive. Occa¬ 
sionally, some of the petals become more united than 
others, and then this corolla assumes a bilabiate or 
two-hpped form. In Composit® there are often 
two kinds of florets associated in the ssime head. 

Thus, in the Daisy, there are irregular ligulate 
white florets on the outside or in the ray, while 
there arc regular tubular yellow florets in the centre 
or disc. In Scajvola and in Honeysuckle, the corolla 
is split down to its base, so as to resemble somewhat 
the ligulate form. 

383. NTccinrleit and Anomalies la Petals. —Certain 
.abnormal appcjirances occur in the petals of some 
flowers, which received in former (^ys the name of nectaries. The 
term nectary was very vaguely applied by Linneeus to any part of 
the flower which presented an unusual aspect, as the 
crown of Narcissus, the processes of the Passion-flower, 

&c. If the niune is retained, it ought properly to in¬ 
clude only those portions which secrete a honey-like 
matter, as the glandular depression at the base of the 
perianth of the FritiUary (fig. 802 r), or on the petal of 
Rammculus,oronthestamensofEutacea3. Somesaythat 
in all flowers there is an apparatus for secreting honey 
ccmnected with the essential organs of the flower, and 
in some way concerned in fertil^tion, and the nouris- 
ment of the young seeds. Tliis opinion is particularly 
iiipported by Vaucher and Bravais. The sap of Zea 
Mais is said to contain much saccharine matter before 
flowering, which ultimately passes to the flower, and 

Fig. SOL—Irregular gomopctalons ligulate of Cataaonebo cserulea. e, Oalyx, with a 

i^nquefid limb united infenorly with the ovary, o, e, Stamens with united autliera, a, (tj/nan- 
tA^iuor ayrtuemaiotu), surrounalng the style, «, with ito bifld stigma. 

302.~Ono of the scgincjitB, ^ of the peiianth of Fritillaria impcrlalla, or Crown ImperlaL 
a w OT depremlon, r, at its base, (;ontaiuing honey*like matter. The cavity is coloured 
aifferently li'om the rest of the segment, and it Is called a nectary, or a nectariferous gland. 
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disappears from the rest of the plant. What have usually, however, 
been called Nectaries, are mere modifications of some part of the flower, 
produced either by degeneration, or by a process of dUammation (rfw, 
separate, and lamincL, a blade), or chorizatim I separate). 

This process, called unlining by Lindley, and dedupUcatim by Henfrey, 
consists in the separation of a layer from the inner side of a pctd, 
either presenting a peculiar form, or resembling the part from whicli 
it is derived. The parts thus produced are not alternate with the 
pJetals or the segments of the corolla, but opposite to them. In these 
cases, the petals at the lower part consist of one piece, but where 
the limb and claw separate, or where the tube ends, 
the vascular layer splits into two, and thus two 
laminsB are formed, posterioi'ly and anteriorly, one 
of which is generally less developed than the other. 
These dilaminated scales aie well seen in Lychnis (fig. 
803 a), Silene, Cynoglossum, and Ranunculus, and 
may be considered as formed in the same way as the 
ligie of grasses (T 161). Corollas having tliese scaly 
app>endage8, are sometimes denominated appendimlate. 
In other cases, as in Cuscuta, the scales are alternate with 
the petals, and are not traced to dilamination. This 
system of dilamination has been applied by the French 
botanists to aU cases in which the parts of whorls be¬ 
come opposite in place of alternate. Lindley and others, 
however, believing that the law of alternation is tho 
normal one, refer such cases in general to an abortion 
of a whorl, or to some peculiar arrestment in development, as will be 
shown under the section of Morphology and Symmetry. 

884. In generd, the parts called Nectaries, are to be 
considered as merely modifications of the corolla or 
stamens. Thus, the hom-like nectaries under the 
galeate sepal of Aconite (fig. 284 p\ are modified 
petals, so also the tubular nectaries of UeUebore. The 
nectaries of Menyantlies and of Iris, consist of hairs 
developed on the petals. Those of Pamassia (fig. 304 
»), and of the Passion-flower, Stapelia, Asclepias, and 
Canna, are flanges, rays, and processes, which are ap¬ 
parently modifications of stamens, and some consider 
the crown of Narcissus as consisting of a membrane 
simil ar to that which unites the stamens in Pancratium. 
It is sometimes difficult to say whether these nectaries 

Fig. 303.—Petal of Lychnis falffens, seen on ite inner ^dc. o, Claw. I, LimK a, An appen> 
dture formed by ^unlnation or dboriution. This api^indago has been called a nectary. 

Fig, S04.—Petal, p, of Pamassia palnstris, or grass of Parnassus, with a nectary, n, which ap¬ 
pears to be an abortiTe state of some of the stamens. 
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tire to be referred to the row of the corolla or of the stamens. The 
paraphyses of the Passion-flower, the crown of Narcissus, and the 
coronet of Stapelia, are referred sometimes to the one and sometimes 
to the other. In general, they may be said to belong to that series 
with which they are immediately connected. Some have attempted 
to give names according to the parts of which they are modifications, 
by prefixing the term para beside, or dose to), and speaking 

of paracoroUa and parastemones. 

385. Petals are attached to the axis usually by a narrow base, but 
occasionally the base is larger than the limb, as in the Orange flower. 
When this attachment takes place by an articulation, the petals fall off 
either immediately after expansion (cadttcous), or after fertilization 
(deciduous). A corolla or petals which are continuous with the axis 
and not articulated, as Campanula, Heaths, &c., may be persistent, and 
remain in a wither^ or marcescent state while the fimit is forming. 
A gamopetalous corolla always falls off in one piece. Sometimes the 
base of the corolla remains persistent, as in Ehinanthus and Oro- 
banche. 

SSfl-'oereiopment of Floral Knveiopoo. —^Thc floral envelopes, when 
monosepalous and monopetalous, first appear in the form of a ring, 
whence various cellular projections arise, constituting the sepals and 
petals; when they are polysepalous and polypetalous, the ring is 
wanting. Even when the parts become ultimately 
unequid, as in Digitalis (fig. 288), they form equal 
ceUular papillse when tot developed (fig. 305). 

Bameoud has shown this in the irregular Ranun- 
culacesQ, Violacese, Orchidacea3, Labiatae, Scrophu- 
lariacea;, Leguminosa;, and Polygalaceie. 

387. In Begoniacese, the floral envelope at first 
appears as a continuous ring, having five very equal 
small segments; some of these, especially in the 
male flowers, di^ppear entirely or become atrophied. All the obser¬ 
vations of Bameoud confirm Decandolle's statement, that irregular 
flowers are to be referred to regular types, from which they seem to 
have degenerated. There appear to be three prindpal kinds of irre¬ 
gularity among corollas:—1. Irregularity by simple inequality of 
development of the several segments, often along with adhesion or 
atrophy, or arrest of growth: tliis is the most common kind. 2. Irre- 
Hularity of deviation, when the segments, though equal, turn all to 
the same side, as in ligulate florets. 8. Iiregulmty by simfile meta¬ 
morphosis of stamina, as in Canna. The irregular corollas of Acan- 
thaoesB, Bignoniacese, Gesneracese, Lobeliacese,and ScrophulaiiaceaB, are 
formed at first in a regular manner by equal projections from a sort of 

Fie. SO&^Bud oftheitregulargainopetalouAiioworofnigltallspiirpurea. er,Ca1yx. Corolla, 
which in Its early de^opment Is regular, e. The stamens first p^octlng ^yond the coroUa. 
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cup or ring. Even in Calceolaria, there is at first a scooped-out cup, 
■with four regular and very minute teeth, which axe ultimatdy developed 
as the corolla; the nascent calyx having also four divisions. 

Inner Floral Whorls, or the Essential Organs of Beproduction. 

388. These organs are the stamens and the pistB, the latter contain¬ 
ing the seeds or germs of young plants, and corre^nding to the 
female, while the former produces a powder necessary for fecundation, 
and is looked upon as performing the part of the male. The presence 
of both is required in order that perfect seed may be produced. A 
flower may have a calyx and corolla, and yet be imperfect if the essen¬ 
tial organs are not present. The name of hermaphrodite is given to 
flowCTS in which both these organs are found; that of uniseamal (one 
sex), ,or diclinous) twice, and *x/j<d, a bed), to those in which 
only one of these organs appears,—those bearing stamens only, being 
staminiferous (stamen, a stamen, and fero, I bear), or male; tliose 
ha-ving the pistil otAj, pisdlUfarous (pistillum, a pistil, and fero, I bear), 
or fei^e. 

389. The absence of one of the organs is due to abortion or non- 

development. When in the same plant there are unisexual flowers, 
both male and female, the plant is said to be monoecious one, and 

eWo», habitation), as in the Hazel and Castor oil plant; whefl'the male 
and female flowers of a species are found on separate plants, the term 
dioecious (ll;, twice) is applied, as in Mcrcurialis and Hemp; and when 
a species has male, female, and hermaphrodite flowers on the same or 
diferent plants, it is polygamous many, and yuitet, marriage). 

'The term agamous (« privative, and yifcat, marriage) has sometimes 
been applied to Cryptogamic plants, fi:om the supposed absence of any 
bodies truly representing tiie stamens and pistil 

890. siutien*. —^The stamens (stamina) arise from the thalamus or 
torus within the petals, forming one or more verticils or whorls, which 
collectively constitute the androecium (eii>n(, ^ male, and ontiov, habita¬ 
tion), or the male organs of the plant Their normal position is below 
the inner whorl or the pistil, and when they are so pl^ed (fig. 306 e), 
they axe hypogynous (Siro, under, and female or pistil). Some¬ 
times they become united to the pet^ or ^ipetalous (enl, upon, and 
nirmXos, a leaf), and the insertion Uf both is looked upon as similar, 
so that they are stfll hypogynous, provided they are independent of 
the calyx and the pistil. In fig. 307, the stamens, e, and the petals, p, 
are botii below the pistil or ovary, o, and separate both from it and 
the calyx, c, and are therefore hypogynous; when the stamens axe 
inserted on <he calyx, that is, become tmited to it to a greater or less 
he^ht above the base of the pistil, then they become lateral as it were 
in regard to it, and are perigynous (meh around). This is shown in the 
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flower of almond (fig. 808), in wHcli the petals, p, and the stamens, e, 
are united to the calyx, c, while the pistil is free. When the union 
of the parts of the flower is such that the stamens are inserted upon 



306 307 308 


the ovary, they are qngynons (IsrJ, upon or above). In this case, the 
whorls aifi usually so incorporated, that the stamens appear also to 
come from the c^yx. In Aralia spinosa (fig. 309), all the whorls, 
calyx, c, jwtals, p, and stamens, e, are united to the pistil, and the two 
latter whorls apjwar to arise from the point 
where the calyx joins the upper part of the 
pistil. Tliese arrangements qf parts have 
given rise to certain divisions in classification, 
to be afterwards particularly noticed., De- 
candoUe, for instance, applies the term thala- 
miflorce, to plants having the parts of the 
corolla and androecium independent of each 
other, and all the whorls inserted immediately 
into the torus or thalamus; cedydflen'm, to those where die petals are 
separate, and the stamens are inserted directly on the calyx; corolli- 
floi'(p, to those in which the united petals bear the stamens. 

ri»?. 306.—Central part of tho flower of Llrfodendron tullpiffera, the tu]lp-tree, composed of 
V ;u-]»e]8, e c, whicli together form tho pistil. Tliey cover tlie upiter part of tlio axis, a, and b^w 
them are inserted numerous stamens, some of which are seen, e e. These stamens arc hypogy* 
Jious and oxtrorse. 

Fig. 307.—Section of a flower of Ckn^aninm robertianum. c c. Calyx, p. Petals. «, Stfwnens. 
Hstil comjKwed of ovary, o, and style and stigmata, s. t. Torus or thalamus. The petals and 
st^ens are hypogynous, and the latter are monadelphotui. 

Fig. 3U8.—Section of the flower of the Ateond-tree. The letters indicate the same parts os in 
the last figure. The petals and stamens ore perigynous. T^e pistil is flrec. 

Fig. 809.-<^ctlon of the flower of Aralia spinosa. Letters as In last figure. The peiato wd 
stamens are epigynous, attached to a large disk, d. which covers the summit of the ovm'y. The 
ovary is adherent to ,the ciUyx, and has been laid open to show its loculaments and pendulous 
ovulea 
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891. The stamens vaiy in nnmber, from one to many hundred, 
like the other parts of the flower, they are modified leaves resembling 
them in their structure, development, and arrangement. They consist 
of cellular and vascular tissue. They appear at first in the form of 
cellular projections, and are arranged in a more or less spiral form. 
In their general aspect they have a greater resemblance to petals than 
to the leaves, and there is often seen a gradual transition from petals 
to stamens. Thus, in Nymphasa alba, or the White Water-lily (fig. 
810, 2), c represents a sepal, which gradually passes into the petals, y). 



and these in their turn become modified so as to form the stamens, e, 
which are more or less perfect t»s we proceed from without inwards, 
or from 1 to 5. When flowers become double by cultivation, the 
stamens are converted into petals, as in the Pasony, Camellia, Eose, 
Anemone, and Tulip; and in these instances, the changes from one 
to the.other may be traced in the same way as in the Water-lily. 

392. When there is only one whorl, the stamens axe usually equal 
in number to the sepals or petals, and are arranged opposite to the 
former, and alternate with the latter. The flower is then isostemonova 
(tini, equal, and griftar, a stamen). When tlie stamens are not equal 
in number to the sepals or petals, the flower is amsostemonous 
unequal). When there is more than one whorl of stamens, then the 
parts of each successive whorl axe alternate with those preceding it. 
The staminal row is more liable to multiplication of parts than the 
outer whorls. If the stamens are double the sepals or petals as regards 
number, the flower is diplostetnonous double); if more than 

double, polystenumous (iroxif, many). In general, when the stamens 

Vig. 810,1,—Flower of Nymphsaa alba, or White Water-lUy. c c c c, The foot foliola of the 
or oopua. p p p p, e, Stamens, s. Pistil 

81(1 —Parts of the flower separated to show the transdtion the £Teen sepals of the 

calyx, e, and the white petals of the corolla, », to the stamens, e. 'llie latter present cliangcs 
from their perfect state, 8, throogh intermediate forms, 4, 3, and 1, which gr^nally resemble 
the petalSb 
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are normaOy developed, and are more iramerous than the sepals and 
petals, they will be found arranged in several whorls, and their parts 
multiples of the floral envelopes. Tlius, if a flower has five sepals, five 
petals, and twenty stamens, the latter are arranged in four alternate 
rows, having live in each. Although this is the usual law, yet various 
changes take place by abortion and arrestment of development In 
this way the stamens may neither be equal to, nor a multiple of, the 
floral envelopes, and they may even be less numerous, so that the flower 
is miostemonms (fulaii, less). 

393. In certain cases, as in Primula, the row of stamens is opposite 
to the petals forming the gamopetalous corolla. Hus opposition is by 
many looked upon as caused by the non-appearance of an outer row 
of stamens; by others it is considered as produced by chorization or 
separation of lamina: from the petals, which become altered so as to 
form stamens, a view which is thought to be confinned by their de¬ 
velopment taking place before the petals; by a tliird party, each petal 
is looked upon when fully developed as formed by the halves of two 
contiguous petals, and thus the stamens are considered as being really 
.-dtemate with the original petals. 

394. When the stamens are under twenty, they are called deJiniU, 

and the flower is olvjandrmis (ohlyoi, few, and tl»vp, male or stamen); 
when above twenty, they are indefinite or polyandrous many), 

and are marked oo. The number of stamens is indicated by the Greek 
numerals prefixed to the term androus: a flower with one stamen be¬ 
ing ‘nmw.Hdrcm (ftonei, one); with two, (Uandrwis {hit, twice); with 
three, trkmdrovs (r^tis, three); with four, tetrandrous foim); 

with five, pentandrone (Tsere, five); witli six, heaxtndrous (ej, six); with 
seven, Iieptandixme (eimi, seven); witli eight, octmdroue (iKrei, eight); 
\vith nine, ennmmlmus {etvei, nine); with ten, decandrous {hUm, ten); 
with twelve, dudecandrom (luht»ct, twelve). These terms wiU be 
referred to when treating of the Linnaan system of classification. 

395. A stamen consists of two parts—a contracted portion, usually 
thread-like, equivsdent to the petiole of the leaf, and termed the fiki- 
nmi (Jilmn, a thread); and a broader portion, representing the fold^ 
blade of the leaf, termed the ant/ier (drhiot, bdongmg to a flower), 
which contains a powdery matter, called pollen,. The filament is no 
move essential to the stamen than the petiole is to the leaf, or the claw 
t ■ the petal If die atMer is absent, the stamen is abortive, and can¬ 
not perform its functions. The anther is developed before the fila¬ 
ment, and when the latter is not produced the anther is sessfle (sessilis, 
sitting), or has no stalk, as in the Misletoe. 

396. The riiament, when structurally considered, is found to consist 
of a thin epidermis, on which occasionally stomata and hairs occur, 
and of a layer of cellular tissue enclosing a bundle of spiral vessels, 
which traverses its whole length, and terminates at the union between 
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^^tnflneBtand the anther. The filaments of Cailitriche vema are 
said to Imiw uo vessdS. The filament is usually, as its name imports, 
filifofm or thread-like,. cylindrical, or slightly tapering towards its 
, summit. It is often, however, thickened, compressed, and flattened 
m various ways. ’ It sometimes assumes the appearance of a petal, or 
becomes petaloiii {wirtAot, a leaf or petal, and eiBo;, form), as in Canna, 
Maranta, Nymphtea alba (fig, 810, 2); occasionally it is s^lcfte 
(suAula, an amd), or slightly broadened at the base, and drawn out into 
a point like an awl, as in Butoraus umbellatus; and at 
other times it is clavcOe {clceva, a club), or narrow below 
and broad above, like the club of Hercules, as in Hialic- 
trum. In place of tapering, it happens, in some in¬ 
stances, as in Tamarix gallica (fig. 811), Peganum 
Harmala, and Campanula, that the base of the filament 
is dilated much, and ends suddenly in a narrow thread¬ 
like portion. In those cases, the base may represent 
the sheath or vagina of the petiole, and, like it, may 
^ve off stipulary processes in a lateral direction. Some¬ 
times the filament is forked, or divided at the apex into 
branches or teeth. In Allium there fire three teeth, the central one 
of which bears the anther. 

397. The filament varies much in length and in firmness. Tlie 
length bears a relation to that of the pistil, and to the position of the 
flower, whether erect or drooping; the object being to bring the an¬ 
ther into more or less imme^ate contact with the upper part of the 
pistil, so as to allow the pollen to be scattered on it. The filament is 
usually of suflicient solidity to support the anther in an erect position; 
but sometimes, iis in Grasses, Littorella, and Plantago, it is very deli¬ 
cate and capillary (capillvs, a hair), or hair-like, so that the anther is 
pendrdous. The filament is usually continuous from one end to the 
other, but in some cases it is bent or jointed, becommg ([mmlaU 
{genu, a knee); at other times, as in the PeUitory, it is spiral. It is 
frequently colourless; but, in many instances, it exhibits different 
colours. In Fuchsia and Poinciana, it is red; in Adamia and Trades- 
cantia virginica, blue; in (Enothera and llanunculus acris, yellow. 

398. Hairs, scales, teeth, or processes of different kinds are some¬ 
times developed on the filament. In Tradescantia virgjnica, or Spider- 
wort, the hairs are beautifully cdloured, and monUiform {monile, a 
necklace) or necklace-like. I’hese hairs exhibit movements of rotation 
(T 278). Such a filament is bearded or stupose {stupa, tow). At the 
base of the filament, certain glandular or scaly appendages are occa¬ 
sionally produced, either on its internal or external surface. These 
may be either parts of a whorl, to be afterwards noticed under tlie 

811.->Three Imt of the ten stamens of Tamarix gallica, united togotbor by the dilated 
bases of their filtonents. 
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name of the Disk, or separate prolongations from the filament itselfi 
In fig. 813, a represents snob a stanfiiuferoas-appendage found on 
the inner side of the base of the filament, f, - 

which is hence called appendimlatie, or some- ' £ 
times strumose (struma, a swelling). The pro- ■ M 

ceases noticed in the Boraginacese as modified !■' 

petals (fig. 312 a), may be considered external B . 

appenda^s of the filaments, the stamen being .jjKi I'M 

regarded as the lamina of a petal. / 

399. Filaments are usu^y articulated to J 

the torus, and the stamen fidls off after fertili- 'i\ 

nation; but in Campanula and other plants, 
they are continuous with the torus, and the laBji /f |j 

stamen remains persistent, although in a V||l /mif 

withered state. Certain changes are pro- 
duced in the whorl of stamens by adhesion ^ 
of the filaments to a greater or less extent, 

while the anthers remain free; thus, all the filaments of the An- 

droecium may unite, forming a tube round the pistil (fig. 307 c), <»r 

a central bundle 

when the pistil is \ 

abortive (fig. 314, /f 

1), the stamens be- 'I ' a ’ jj 

comingitionaMpfious / 

(ftofos, one, and «SeX- ~ 

0OS, brother), as oc- „ 

cursinGeranium(fig. (. 

307), Miilva, HibLs- 

CHS, and Jatropha p-i ^~) 

Curcas (fig. 314, 1); r^- .. 

or they mjiy unite so — 
as to form two bun- v ’ 

dies, the Steens be- c ^ 

ing diaddpJwm (81f, ” g 

twice), asinPolygala, ^s./ « B 'O 

Fumaria, and Pea; J] “ 

in this case the him- ’ 

* 

Fiff. ais.— stamen of IJorago officinalis. /, Apjjcndicnlate filament, a, Appendage pruliaiged 
ni toe form of a Itoni-like procofifs. /, Lobes of tlie uiifclicr. , , , i 

FIff. 8ia,— Stamen of Zyi?ophyllmn fabago. f, Filament, coraiected vritli a broad scaly ai»- 
Itendoffe, a. , -r ^ 

Fig. 314.—Male or Btaminiferona flower (1), and fcmialc or ptetUHferous flower (2), ot Jatropha 
Cm'cus. c. Calyx. «, Corolla, c, Stamens i^ted by fllaments oecupying the centre In flowe^ 


c-'-crv' 


v.aavo uaiiu nvyjiCB ait BUiitiiiiiv m, koiiacML ---- --- 

of the corolla. Above each of the flowers is a diagram representing the oiiJer In which the oii- 
ferent jiarts of the flower are mranged. In diagram 1 are repi'caented flve parts of the caiyx. 


tlvc, and there are three carpola, forming the piattl, in the centre. 
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dies may be equal or unequal It frequently happens, especially in 
Papilionaceous flowers, that out of ten stamens, nine are united by 
iheir filaments, while one (Ihe posterior one) is 
free. When filaments form three or more bun¬ 
dles, the stamens are triaddphous (tmic, three), 
as in Hypericum asgyptiacum (fig. 315), oipolya- 
delphovs (yto'Kiii many), as in Luhea paniculata 
. (fig. 816, 1), or in l^cinus communis (fig. 317, 
1). The union of the filaments takes place some¬ 
times at the base only, as in Tamarix gaUica (fig. 
311); at othpr times it extends throughout their 
whole length, so that the bundles assume a 
columnar form. In certain cases, the cohesion 
extends to near the apex, forming what Mirbel 
calls an andrapkore (ass;;, male or stamen, and 
I bear), or a column which divides into terminal branches, each 
bearing an anther (fig. 315,/c). Occasionally some filaments are 
Tinited higher up than others, and thus a kind of compound branching 
is produced (fig. 317, 2). In Pancratium, the filaments are united by 
a membrane, which may be considered as corresponding to the crown 
of Narcissus. 


SIC, 1 SIC, 2 317,2 317,1 

400. Filaments sometimes are united with the pistil, forming a 
cohmna or column, as in Stylidium, Asclepiadaceai, Kafflesia, and Or- 
chidacese. The column is c^ed gymstemium (yv»«, pistil, and artiftnp, 
stamen), and the flowers are denominated gymndrom (ywj/^, pistil, and 
Aptnf, male or stamen). « 

fig. 315.—Triadelphous of HTp^rionm ccfryptincum jmironntUng tbe pistil^ o. //, 

United filament forming bolnmns. e ^ Anl^em free. The outer envelope .of tiio dower has 
been removed, the essential organs alone being left 

Fig« 316.—1. Flower of Luhea paniculata. e c e r, Segments of calyx, p p, Petals, e e. Sta¬ 
mens grouped in bundles, which alternate filth the petals. «, Stigi^ compMud of five parts, 
indicating the union of five carpels. 2. One of the stamtnal bundles magnified, showing all the 
filaments united into a single mass at tbe base, but separating superiorly, /a, The larger in¬ 
ternal fllamentis, eacli ending in an anther. /«, The shorter outer ones, sterile and abortive. 

Fig. 817.~L Male fiower of lUcinus communis, or Castor oil plant, consisting of a calyx, c, 
composed of five reflexed sepaU, and of stamens, e, united by their filaments so as to form mimy 
bnn^es, fihus being polyadelphous. 2. One of tbe staminal buniU^/, branching above, so as to 
leave the anthem free and separate. 
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401. In the case of certain Achlamydeous 851) floirers, as 
Euphorbia, -with only one stamen dereloped, there is the appearance 
of a jointed fOament bearing one anther. This, however, is not a true 
filament, but a pedunde with a single stamen attached to it, as proved 
by the that in some species of Euphorbia one or more verticils are 
produced at the joint. Thus the so-c^ed anther is in reality a single 
flower supported on a stalk, all the parts being abortive, except a 
solitary stamen. 

402. The Jknther corresponds to the blade of the leaf, and consists 
of lobes or cavities containing minute powdery matter, called pollen, 
which, when mature, is disdiarged by a fissure or opening of some 
sort. The anther-lobes may be considered as fojncned by the two halves 
of the lamina, their back corresponding to the imder surface, and their 
face to the upper surface, united by the midrib, the pollen being ceUular 
tissue, and the fissure of the anther taking place at the margin, which, 
however, is often turned towards the face. In this view, the two 
cavities which are found to exist in each lobe, may correspond with 
the upper and under layer of cells, separated by a septum equivalent 
to the fibro-vascular layer of the lesi Others view the anther as 
formed by each half of the lamina being folded upon itself, so that the 
outer surface of both face and back corresponds to the lower side of 
the loaf, and the septum dividing each cavity into two is formed by 
the upper surfaces of the folded half united. 

403. There is a double covering of the anther—the outer, or exo- 
theemm (sg«, outwards, and tnx-io*, a covering), resembles the epider¬ 
mis, and often presents stomata and projections of <iifferent kinds (fig. 
318 c e); the inner, or mdoihecmm 
within), is formed by a layer or layers of 
fibro-oeliular tissue (fig. 318 c f), the cells 
of which have a spiral (fig. 23), annular (fig. 

24), or reticulated (fig. 25) fibre in their in¬ 
terior. This internal lining varies in thick¬ 
ness, generally becoming thinner towards the 

part where file anther opens, and there disappears ■ entirely. The 
membrane of the cells is frequently absorbed, so that when the anther 
attains maturity the fibres are alone left, and these by thdr elasticity 
assist in discharging the pollen. 

404. The anther is developed before the filament, and is always 
sessile in the first instance. It appears in the form of a small cellular 
projection, containing a mass of mutalaginous cells (fig. 319). In the 
progress of growth, certain grooves and markings appear on its stir- 
face, and its interior becomes hollowed out into two marked cavities, 

.. 318.—Transyerse section of a portion of the covering of tho anther of Cobaea ecandens at 

of d^lAcenoc. e e, Ezotheclani^ or external layer, ccmslBting of epldennal ceUa c/, 
anaothecliun, or inner layer, composed of ^iral cedis or Inendiyma. 
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oontaining a mucilaginous matter (figs. 820, 821). In these cavities 
oells make their appearance—the outer small (figs. 320, 321, c p), 
forming ultimatelj the endothecium (fig. 318 c/); the interior layer 
forming cells in which the pollen is produced (figs. 820, 321, up,'). 




As the cavities become larger, the layer of cells (figs. 320, 321, c i), 
between the endothecium, c p, and exothecium, c e, is gradually 
absorbed more or less .completely, forming at first septa in the cavities; 
and ultimately the anther assumes its mature form, consisting of two 
lobes with their membranous coverings (fig. 322, 1). 



406. In the young state there are usually four cavities produced, 
two for each anther-lobe, separated by the connectwe, and ea^ divided 
by the septum, which sometimes remains permanently complete, and 
thus forms a qwadrilocular {quatmr, four, and lomlus, a pouA or box), 
or tetrathecaL (rirfcte, four, and a sac) anther. The four cavities 
are sometimes placed in apposition, as in Poranthera (fig. 823) and 
Tetratheca juncea (fig. 324), and at other times two are placed above 


FIa S19.-~Tran8ver8e Bection of an antiier of Cacnrblts P(^ or Courd, taken from a bud 
about two mUUmetreis or l-12th of an English Inch, in length. 

Fig 820.—Similar horisontol section from a bod In a more adranced state, c e. Outer layer 
of cwiiles (£TotAeeitm) forming the epidermis, e i, Intermediate layer of cellmes in several 
layers, most of whldi are ultimately al^rbed. c Internal layer of ccha (Endcfthecium), 
Anther>caviti«i filled with large ceus, whidi constftnte tiie first state of the pollen-utricles. 

Fig. 821.~^milar section In a still more advanced state. The letters have the same mtianfag 
aa In the last figure. 

Fig. 822.—Anther of the Almond-tree. Seen in front Seen behind. //, Filament at¬ 
tached to the connective, c, by a point f i, Anthmr-lobes containing poUea 
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and two below, as in Persea gratissima (fig. 325 I 1). In general, 
however, only two cavities remain in the anthra, in consequence of the 
more or less complete removal of the sqjtum, in which case the anther 
is said to be hilocular (bis, twice), or> bbthmd (Sif, twice), as seen in 
figs. 322,326. Sometimes the anther has a single cavity, and becomes 
unilocular (unm, OQ^), or mmothecal (juitat, one), by the abortion of 



one of its lobes, as in StypheUa heta (fig. 327), and Althasa officinalis 
(fig. 328). Occasionally, there arc numerous cavities in the anther, as 
in Viscum and Eaffiesia. The number of loculi or cavities is only seen 
when the anther opens. 

40C. The form of the anther-lobes varies. They are generally of 
a more or le.ss oval or elliptical form (figs. 322, 829 Z). Sometimes 
they are globular, as in Mercuiialis annua (fig. 326); at other times 
linear or clavate (fig. 330), curved (fig. 331), flexuose, sinuose, or 
anfractuose (anfi-actus, winding), as in Bryony and Gouid (fig. 332). 
The lobes of the anther are sometimes in contact throughout their 
whole length (fig. 329), at other times they axe separate (figs. 326, 
333). In the former case their extremities may be rounded, forming 
a cordate anther (fig. 322), or the apex may be acute (figs. 312, 


Hg. 323 —Qaadillocular anther, I, of Poranlhera, attached to the filament,/, and opening at 
tue Boimnit by four pores, p. 

Wc. X24.—Quadrllocular anther of Tctratheca Juncea. 1. The anther entire, with Its four 
loauainents ending in one opening. 2. Anther cut transversely, showing the fimr loculamonts. 

ilg. 825.—Anther of Persea gratissima, composed four cavities or loculoments, / A united 
in purs, one above the other, and opening eaA hy a vaive, e. At the base of tlio filament,/, 
glands, g g. which seem to he abortive stamcna 
fig. 326—Pendulous antlicr lobes, I ^ of MeruurlaliB annua, supported on llic fllmnent, /, and 
tu^d by the connective, c. 

Fig. 827.—Unilocular or monothecal anther of Styphelia heta, one of the Epacridaccce, seen in 
'j*®dheliind,/, Filament. I, i^tlier. 

Fig. S88.—Unilocular anther of Altluna officinalis, or Marsh mallow. One of the lobes of the 
anther, j; abortive. /, Filament 
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313); in lihe latter case the lobes may divide at the base only, and 
end in a sagittate or arrow-like manner (fig. 834 i); or at the apex, 
so as to be bifiirccete or forked (fig. 335 p); or qu^rifurcate, doubly 
forked (fig. 336 /); or at both bsae and apex, so as to be forked at 
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each extremity, as in Grasses (fig. 337). The cavities of the anther 
are occasionally elongated so as to end in points (fig. 336 1). Some¬ 
times the lower part of the antherine cavities is obliterated, and they 
degenerate into flattened appendages (fig. 338 a). It liappens at 


fig. 839.»Adnate or adherent anther of Begonia manicata, opening by longitudinal dehiscence. 
Anther lobes. /, Bllament 

Fig. 830.—ForkM or bifurcate anth«', /, of Ac^ypha elopecuroldea, in the expanded flower. 
Fig. 831.—Same anther in the bud, exhibiting a curved lonn; 
fig. 832.—Sinuous anther, of Biyonla dioico. /, Fflamefit 

IPig. 338.—Anther of Salvia officinalis. I/, FertKa lobe full of pollen. I Barren lobe without 
pollen, e, Dlstractile connective. 

834—Anther of Nerium Oleander, with Its lobes, I ^ sagittate at the base, and ending at 
the apex hi a long feathery prolongation. 

fig. 838.—Anther, i, of vacdnlum nligin(»ani. ^ Lobes ending in two pednted extr^nittes, 
whl<£ open pores, o, Appendages to the lobes, 
fig. 3%.—Quadiifixrcate anther of Guoltherla proenmbens. Lobes ending In four points, 

fig. 837.—versatile anther of FiMCompressa. /filament Z, Lobes separating at each end. 
fig. 338.—Anther, of Erica dnerea. /, FUament. r, Ixibes split p^ially downwards, a, 

Scale-Uke prolongations at the base. 

Fig. 839.—Anther of Pterandra pyroldea. 1. Entire anther, seen laterally 2. Lower half 
after having been cut transversely, a a, a, Antherine appendages. 11, Anther-lobes, c c. Con¬ 
nective. 






ESSENTIAl. OB0AirS.—BTAUENB. 197 

times that the sur&ce of the anther presents excrescences in the 
form of warts, awlnshaped pointed bodies (fig. 886 a), or crests (fig. 
839 d). , 

407. That part of the anther to which the filament is attached, and 
which is generally towards the petals, is the back, the opposite being 
the face. The division between the lobes is mark^ on the face of the 
anther by a groove or Jhirrow, and there is usually on the face, a 
suture, indicating the line where the membranous coverings open to 
discharge the pollen. The suture is often towards one side in con¬ 
sequence of the valves being unequal 

408. The anther-lobes are united either by a direct prolongation of 
the filament, or more generally by a body called the connective, con¬ 
sisting of a mass of cellular tissue difierent from that contained in the 
filament. In this tissue the spiral vessels of the latter terminate. 
From the connective a partition or septum extends across each antherinc 
loculus, dividing it either partially or completely. The septum some¬ 
times reaches the suture. When tlie filament is continuous with the 
connective, and is prolonged so that the anther-lobes appear to be 
united to it throughout their whole length, and lie in apposition and 
on either side of it, the anther is said to be adnate or adherent (fig. 
329); when the filament ends at the base of the anther, 
then the latter is innate- or erect In these cases the anther 
is to a greater or less degree fixed. When, however, 
the attachment is very narrow, and an articulation exists, 
tlie anthers are then moveable, and easily turned by the 
wind. This is wcU seen in what are called versatile (verto, 

I turn) anthers, as in Tritonia, Grasses, &c. (figs. 260, 

837), where the filament is attached only to the middle 
of the connective; and it may occur also in cases where 
it is attached to the apex, as in pendulous anthers (fig. 

340). 

409. The connective may unite the anther-lobes completely, or only 
partially. It is sometimes very short, and is reduced to a mere point 
(fig. 326), so that the lobes are separate or fiee. At other times it is 
prolonged upwards beyond the lobes in the form of a point, as in 
Acalypha (fig. 831 c); or of a feathery awn, as in Nerium, Oleander 
(fig. 334); or of a conical or ton^e-like process (figs. 341, 342 c); or 
of a membranous expansion (%. 343 c); or it is extended back¬ 
wards and downwards, in the form of a spxu, as in fig. 343 a; or 
downwards, as in the case of the flaky appendage in Ticorea febrifriga. 
In Salvia officinalis (fig. 333), the connective is attached to the fila¬ 
ment in a horizontal manner, so as to s^arate the two anther-lobes, 
and then it is called distractile (dis, separate, and traho, I draw). 

ns- 340.—Pendnlou* antber, t, of PjTola rotandlfoUa, The anther ia euapended ftom the 
aumnilt of the filament, f,aai opena at ita iqwx by two poree, p. 
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In Staohys, tihe connective is expanded laterally, so as to unite ihe 
bases of tite antheiine lobes, and bring them into a horizontal line. 



410. The opening of the anthers to discharge their contents is 
denominated dehiscence (ddiisco, I open). This takes place either by 
clefts, by hinges, or by potes. When the anther-lobes are erect, the 
cleft takes pl^ len^wise along the line of the sutme, constituting 
longitudmal dehiscence (figs. 322, 329,342). At other times, the slit 
takes place in a horizontal manner, from the coimective to the side, as 
in Alchemflla arvensis, and in Lemna, where the dehiscence is trans¬ 
verse. When the anther-lobes are rendered horizontal by the enlarge¬ 
ment of the connective (figs. 328,344 ay), then what is reallylongitudinal 
dehiscence may appear to be transverse. In other 
cases (fig. 344 a g), when the lobes are united 
at the base, the fissure in each of them may be 
continuous, and the two lobes may appear as one. 

411. The cleft does not always proceed the 
whole length of the anther-lobe at once, but often 
for a time it extends only partially (figs. 343, 2, 
. 338). In other instances the opening is confined 

to &e base or apex, each loculament (loculus) 
opening by a single pore, as in Pyrola (fig. 340), 
Yaccinium (fig. 335), and Solanum, where there 
are two, and Poranthera (fig. 323), where there 
are four. In Tetratheca juncea, the four cavities 
(fig. 824, 2) open into a single pore at the apex (fig. 334, 1); and in 



« 

Slg. 341.->ATithei' of HuintrialialBamifera I Z, Anther lobes. /, Filament, ciliated or frinccd 
with glandular teeth, e. Conical appendage, which seems to be a :^olongatlon of the connective. 

Fig. 342.->-Aiither of Byrsonima bicorniculata. /, Filunent L AnOier-lobes. The emp^ 
lobe* at the summit are detached in the form of two small hom-llhe projectiona c, A lln^- 
form or tongue-like appendage prolonged from the connective. 

Ilg. Semlle anwer of Viola odbrata, or sweet violet. L Seen In fhmt 2. Seen behind. 
I, Anthcv-loboi. C| Spur-like appendage from the connective, Membranous expansion at 
the apex of anther-dobea. 

Fig. SHr^^fConOa of Dj^talis pnrpnrea, cut In oi^er to diow the didynamous stamens (two 
loug ilkort) which are attached to It t, Tube. /, Filaments wliich are united to the 

oor^ |H4RBd ran along its inner surface, having formed a marked adhesion, a Anthers 
ofthe loQi iMnwns. a Anthers of the abort stamens. 
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the Misletoe, the anther has numerous pores for the discharge of the 
pollen. Another mode of dehiscence is called kinged. In the Barberiy, 
each lobe opens by a valve on the outer side of the suture, separately 
rolling up base to apex; while in some of the Laurel tribe (fig. 
325 »), there are two such separating valves for each lobe, or four 
in all This may be called a combination of transverse and hinged 
dehiscence. In some Guttiferss, as Hebradendron cambogioides (the 
Gamboge plant), the anthm opens by a lid separa^g fix)m the apex, 
or by what is c^ed drcmuassUe {ciretm, around, and scindo, to out) 
dehiscence. In the last-mentioned dehiscence, the anther may be 
considered as formed of jointed leaves like those of the Orange, the 
blades of which separate at the joint. 


412. The anthers open at various periods of flowermg; sometimes 
in the bud, but more commonly when the pistil is fully developed, and 
the flower is expanded. They either open simultaneously or in suc¬ 
cession. In the latter case, individual stamens may move towards the 
pistil and discharge their contents, as in Pamassia palustris, or the 
outer or the inner stamens may open first, following thus a centri¬ 
petal or centrifugal order. The anthers are called mlrorse (mtrorsum, 
inwardly), or mticce (anticus, the fore part), when 

they open on the surface next to the centre of the flower Ml V— 

(fig. 345); they are extrorse (outwardly), or posticce lA 

(posticus, behind), when they open on the outer surfece; ep klwL 
when they open on the sides, as in Iris, and some ||| 
grasses, they are called laterally dehiscent (fig. 337). | 'I 1 jj 

Sometimes anthers originally introrsc, fi'om their versa- 11 

tile nature, become extrorse, as in the Passion-flower (\gutW 
andOxalis. The attachment of the filament either on 
the outer or inner side, and the position of Ihe anther MMp 

in the young state, assist in determming the direction ^ 

of the dehiscence when the anthers open by pores, or are versatile. 

413. The usual colour of anthers is yellow, but they present a great 
variety in this respect They are red in the Peach, dark purple in the 
Poppy and Tulip, orange in Eschscholtzia, &c. The colour and appear¬ 
ance of the anthers ofl*n change after they have discharged their 
fiuictions. 


414. Sometimes a flower consi^ of a single stamen, as already 
stated in regard to Euphorbia (T 401). It is ssdd also, that in the 
Conifer®, as in the Fir, and in the CycMacesB, the stamens are to be 
regarded as single male flowers, supported on scales; being either a 
single stamen with bilocular angers, as in Pinus, or unilocular, as in 
Abies, or several stamens united in an androphore, as in Taxus. 


845.—.Tctradynanioaa stamena (two long Mid two tdiort) of Chelranthus Chelri. jp» 
of the peatnKdc. c» Cicatrices left by the sepaw of calyx which have been removed, e ff. Two 
pMrs ofioRg stamena The short stamcna /, Torus or thalamus to which the stunens are 
attached. 
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416. Stameos occasionally become sterile by the degeneration or 
non-development of the anthers, which, in consequence of containing 
pollen, are essential for fertilization; such stamens receive the name of 
staminodia, or rudimentary stamens. In Sorophularia 
(fig. 346), the fifth stamen, s, appears in the form of a 
scale; and in many Pentstemons it is reduced to a fila- 
mhnt with hmrs, or a shrivelled membrane at the apex. 
In other oases, as in double flowers, the stamens are 
converted into petals. In Persea gratissima (fig. 326), 
two glands, g, are produced at the base of the filament 
in the form of stamens, the anthers of which are abor¬ 
tive. Sometimes only one of the anther-lobes becomes 
abortive. In many tmilocular anthers, the non- 
development of one lobe is indicated by the lateral 
‘MU production of a cellular mass resembling the connec¬ 
tive. In Mvias, where the connective is distractile, one of the lobes 
only is perfect or fertile (fig. 333 1f), containing poUen, the other (fig. 
333 I s) is imperfectly devdoped and sterile. In Canna, in place of 
one of the lobes, a petaloid appendage is produced. 

416. It has been already stated, that the term nectary has been 
sometimes applied to modified stamens presenting abnormal appear¬ 
ances. Thus, in Pamassia palustris, the’ so-called nectaries are clusters 
of abnormal stamens (fig. 804 «), united by a mem¬ 
brane at the base, and ending in glandular bodies 
like anthers. Staminodia were also called nectaries 
(fig. 346 s). , When treating of the disk,- other modi¬ 
fications of stamens will be considered. 

417. The stamens, in place of being free and sepa¬ 
rate, may become united by their fil^ents 399). 
They m^ also unite by their anthers, and become 
syngenmms or synantherous (avii, together, and ytvttis, 
origin, or antliei). This union occurs in 

Composite flowers, and in Lobelia, Jasione, Viola, &c. 

418. Stamens vaiy in length as regards the corpUa. Some are 
OTdosed within the fabe of the flower, as in Cinchona, and are called 
mchuded (figs. 287, 288, 844); othem are eas^-ted, or extend beyond 
the flower, as in littorella, Plantagq, and Exostemma. Sometimes 
Sthe stamens in the early state of the flower project beyond the petals, 
and in the progress of growth become included, as in Geranium stria¬ 
tum (fig. 847). Stamens also vary in their relative lengths as respects 
each o^er. Whei di6re is more than one row or whorl of stamens 
inflower, those cm the outside are sometimes longest, as in Kosacetc 

IVig: 846.>~liTeffalar con^ of Serophnluria with a Btaminodium, ^ or atxirtive stamen in the 
forma scale. 

Hk* of polfTOtahmn corolla of Geranium stiiatnxnt exhibiting the stamens, e c, at 

tfn^Tohgfer than die p p* 
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(Og. 308); at other times those in the interior, as in Luhea (fig. 316, 
2/ a). When the stamens are in two rows, those opporite &e petds 
are usually shorter than those which alternate with the petals. 

419. It sometimes happens that a single stamen is longer than all 

the rest. In some cases there exists a definite relation, as regards 
number, bgjtweenthe long and the short stamens. ^ Thu^ some flowers 
axe di dmamm s (2if, twice, and pov^er or'superiority), haring 

only four out of five stamps developed, and. the two corresponding to 
the upper Ipsrt of the flower longer than the .twd lateral ones. This 
occurs in Labiatse and Scrophulariacese (figs. S44, 346.) Again, in 
other cases thefe* are six stamens, whereof fopr long ones are arranged 
in pairs opposite to earii other, and alternate with two isolated short 
oDM (fig. 345X and give rise to tetradyrumms (rergas) fonr, and ivrxfuc, 
power or superiority) flowers, as in Crucifer®. 

420. Stamens, as regards their direction, may be erect, turned in¬ 
wards, outwards, or to one side. In the last-mentioned case they are 
called decUnale (declino, I bend to one side), as in Amaryllis, Horse- 
chestnut, and Fraxinella. 

421. The Peiien.—^The PoUen or powdery mattm’ contmned in 
the'anther, consists of small cells 
developed in the interior of 
other cells, 'fhe cavities formed ' 
in the anther (fig. 321), arc sur¬ 
rounded by a fibro-cellular en- 
veloi)e, c p, and within this are 
produced larger cel].s, « p, con- 
tidnmg a gramilar mass (fig. 348, 

I), wMch divides into four min¬ 
ute cells (fig. 348, 2), arotmd 
which a membrane is developed, 
so that tlie original cell, or the 
parent j[w/fe«-«tncfe, becomes re¬ 
solved by a merismatic division 
(IT 24) into four parts (fig. 348, 

3), eadi of which forms a granule 
of pollen. Hie four cells continue 
to increase (fig. 348, 4), distend¬ 
ing the parent c^, and ulti- 
niately causingits absorption and 848 

disappearance. They then assume tlie fl)nn of perfect pollen-grains, 

_t 348.~I^veiopment of the pollen of Vieeuin album, or the Mtaletoe. 1. Two poUen-cellB 

or pollmBry utrlclos fUlod with OTonulor matter. 2. Four nuclei produced in this matter. 8. 
MMntton Into four masses, e^]h corresiiondiiig to a nucleus or a new utricle. 4. P(dlaik w 
polilnaiy utricle ^ntatning three sepamte vesicles in ite Interior. 8. Two of thelatt^.opn^ 
rem<n^ ftem ttie mother>ccll or utricle. 0. The grains of p^en mflMr :. 

perfect state. 
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aad remain nnited . in fours or multiples of four, as in some 

Atacias, Pei^loca grsBca (fig. 349), and Inga anomala (iSg. 354), or 
separate into individual grains (fig. 348, 5), which by degrees be¬ 
come mature x>ollen, (figs. 348, 6, 351, 352). In Acacia ringens, there 
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are eight pollen-grains united; in Acada decipiens, twelve; and in 
Acacia linearis, sixteen. Occasionally the membrane of the parent 
pollen-cell is not completdy absorbed, and traces of it are detected in 
a viscous matter surrounding the pollen-grains, as in Onagrariacete. 
In Orchidaceous plants, the pollen-grains axe united into masses or 
poUirua, by means of viscid matter. In Asclepiadacem (fig. 853), tire 
poUinia, p, seems to have a special cellular covering, 
derived from a layer of reproductive poUen-ceUs, 
or from the endothecium. PoUinia in different 
plants vary from two to eight. Thus, there are 
usually two in Orchis, four in Cattleya, and eight in 
Lselia. The two poUinia in Orchis Mono, accord¬ 
ing to Amici, contain each about 200 secondary 
smaller masses. These small masses, when bruised, 
divide into grains which arc united in fours. In 
Orchids, each of the pollen-masses has a prolonga¬ 
tion or stalk, caUed a caudkle (cavdu, a tsul,) which 
often adheres to a prolongation at the base of the 
anther, caUed rosteUum (rosteUum, a beak), by 
means of a viscid tenacious matter secreted by ceUs, and denominated 
retinacula, (retinaculum, a band or rein). landley considers the cau- 
dicle as derived from the stigma, and not from the poUinary tissue. 
The term clinandrum (»x/j>s, a bed, and dump, n stamen), is sometimes 
^plied to the part of the column in Orchids, where the stamens are 
situated. 

422. When mature, the poUen-grain is a ceUular body having an ex¬ 
ternal covering, extine (exto, to stand out, or on the outside), and an in- 

Fig. 849.~-P<^len of Periploca gmca, sbowing four grains agglntinated together. 

Fig. 360.—Pollen of Inga anomala. The grains united in mmtiples of four. 

Fig. SSL-PoU^-grain showing the extine covert with am^ ponctuatlona 

Fig. 8Ki,«~poUen>gTain with the extine covered with eranuhitiona 

*** * HO. inlSfianrer of Asclepias, showing the poUinfa or polien-massos, p, attached to the 
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temal, intine (trOus, witMn). Fritzsche states that he has detected in 
some cases, other two coverings, which he calls intexlhe and eadnime. 
They occur between the extine and intine, and are probably formed by 
foldings of these membranes. In some aquatics, as Zostera marina, 
Zannichellia pedunculata, Naias minor, &c., only one covering exists, 
and that is said to be the intine. The extine is a firm membrane, which 
defines the figure of the pollen-grain, and gives cdbnr to ib. It is either 
smooth or covered with numerous projections, granule^ pomtSi -ininute 
hairs, or crested reticulations (fig. 356). The^-cdtb^ 1$ generally 
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yellow, and the surface is often covered with a viscid or oily matter. 
The intine is uniform in different kinds of poUen, thin and transparent, 
and possesses great power of extension. It is said to be the first 
envelope form^, the other being subsequently deposited while en¬ 
closed in the parent ceU. 

428. Within these coverings a granular semifluid matter, called 
/ovilla, is contained, along witii some oily partides, and occasionally 

starch. The fovilla contains small sphe- , _ 

rical granules, sometimes the of 
an inch in diameter (fig. 857), andlarger 
ellipsoidal or elongated corpuscles (fig. 

358), which are said to exhibit move- 
ments under the microscope similar to 
those seen in some Infusoria, and in 

some Algffi, to be afterwards noticed. ^ 

These movements generally cease long 

belbre maturation, except in Zostegt marina and S(»ne other plants. 
424. Pollen-grains vary fixtm to yjj of an inch or less in dia- 

Fig. 864.—PoUen-grain of Pafnlflora before bursting, ooo. OperciUa or lids formed by tbe 
^ which crron to allow tiie protrusion of tiia inttno in the form of pcdlen-tubea 
«g. 366.—Pollen-grain of Cacnrblta Pepo, or Ooord, at tiie moment of its dehiscence or mp- 
2 or lids separated foom the extine by the protrusion the pollen-tubea, 11, 

|ig. 866.—Pollen-grain <rf Ipomoea, with a reticniated extine. 

. Fig. 857.—Pollen-grain of Amygd^ns nana, the intine or internal membrane of which is pro- 
ggoui p at three pores under the form of aa many ampulhe or sacs, ttt. One of these is open «t 
the exti^ity, end from it ia diachorged the foyilla, /, oompoaed of voriooaiy-aixed gnumlea. 

Fig. 368.—Large gnunilea of fovilla of Hibiacoa paJuatris. 
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meter. Their form is modi dirersified. The most common form is 
ellipsoidal (figs. 358, 359), more or less narrow at the extremities, 
whidi are (^ed its poles, in contradistinction to a line at s, equidistant 
from either extremity, and which is its equator. In figs. 359, 360, 
1 and 2, the two suifaces of the pollen-grains of Allium fistulo- 
sum and Convolvulus tricolor are represented with their poles, p, 
thdr equator, e, and the longitudinal folds in their membrane; 
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while at 3, axe shown transverse sections at the equators, witli a 
single fold in one case, and three folds in the other. Pollen-grains 
are also of a 'sjdierical, triangular, trigonal (fig. 362), or polyhedral 
figure (fig. 864). In fibe latter case, when there axe markings on their 
sur&cie, those at the pol%, p, sometimes difier from those at the equa¬ 
tor, e. , In Tradesoantia virginica, the pollen is cylindrical, and becomes 
curved; it is polyhedral in Dipsacese and Compositte; nearly trian¬ 
gular in Proteacese and Onagrariacese. The simface of the pollen- 
grain is either uniform and homogeneous, or it is marked by folds 
dipping in towards the centre, and formed by thinnings of the mem¬ 
brane. In Endogenous plants th^ is usually a single fold (fig. 359); 


Fig. 869.—^Pollen of AUimn fistalosuni. Pt Pole, e, Equator. ]. Pollen-gnUn eeen on the face. 
9. Cm the opposite side or hack. 3. Transverse section through its equatorial line. 

Fig: 860.—Pollen of Gonvolvnlns tricolor. The letters and nombers have the some signifleation 
as in 859. 

Fig. 86L—Orain of pollen of'Cannabis satlva, or common Hemp, e, Equator, p Poles. 

F1& 862,—I^dlen-grain <d' CEnothera biennis entire, with three angles, where tubes are pro- 
dnoed. 

F1& 888L*Vrhe same, with one of its angles giving origin to a pollen-tube, wMch is formed by 
the utine. . When the tube protradea, the extine is ruptured. 

Flff. 301—‘Polyhedral pollen-grain of Cldioxium Intybua, or Chlccory. 
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in Exogens, often three (fig. 360). Two, four, six, and even twelve 
folds are also met with. 

425. There are also pores or rounded portions of the membrane 
visible in the pollen-grain. These vary in number fix)m one to fifty. 
In Endogens, as in Grasses, there is often only 
one (%. 365); while in Exogens, they number 
fiem three upwards. When numerous, the 
pores are either scattered irregularly (fig. 366), 
or in a regular order, fi'equently forming a 
circle round the equatorial surface (fig. 361). 

Sometimes at the place where the pores exist, 
the outer membrane, in place of being thin and 
transparent, is separated in the form of a lid, 
thus becoming opercutate (operculum, a lid), as 
in the Passion-flower (fig. 354) and Gourd (fig. 

355). Grams of pollen have sometimes todi 
folds and pores. There may be a single pore 
in each fold, either in the middle (fig. 867), or 
at the extremities; or folds with pores may 
alternate with others without pores; or finally, the pores and folds 
miiy be separate. 

426. The form of the pollen-grains is much altered by the applica¬ 
tion of moisture. Thus, in fig. 367, 1, the pdllen-giain of Lythrum 
Salicaiia, when dry, has an ellipsoidal form, but when swollen by the 
application of water, it assumes a globular form (fig. 367, 2). This 
chwge of form is due to endosmose, and depends on the fovilla being 
denser than the water. If the grains are retained in water, the disten¬ 
sion becomes so great as to rupture the extine irregularly if it is 
homogenous, or to cause projections and final rupture at the folds or 
pores when they exist. The intine, fium its distensibilily, is not so 
liable to rupture, and it is often forced through the ruptured extine, 
or through the pores, in the form of small sac-like projections (figs. 
367,2,362). This effect is produced more ftflly by ad(&g a little nitric 
acid to the water. The internal membrane ultimately gives way, and 
aUowB the granular fovilla to escape (fig. 357/). If the fluid is ap¬ 
plied only to one side of the poUen-grain, as when the pollen is applied 
to the pistil, the distension goes on more slowly, and the intine is pro¬ 
longed outwards like a hernia, andr forms an elongated tube called a 
pollen-tuhe (fig. 363). This tube, at its base, is often covered by the 

IJg. 48r).->-Ponen-^in of Dactylis glomcrata, or Coclc»-foot grass. 

|ig. S^<-PoUon-gra}n Fuioiria cupreolata. 

Grain of pollen of Lytiinun Sallcario, showing six folds, throe of which «re per- 
wrotea by a pore in th«r middle, and tiiree altoniating with them have no pores, p p, Poles, 
e e, Equator. 1. The grain in a dry state. 2. The grain swollen in water, so as to take a globnlar 
form and display its loldB. The mtine or internal membrane begins to protrude throufdt the 
pores. o ^ -o- 
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ruptured extin^ and probably alao bj some of the coverings mentioned 
by Fritzsche as intervening between it and the intine. It contains in its 
interior fovilla-granules, and its functions will be particularly noticed 
under fertilization. The number of pollen-tubes which may be pro¬ 
duced depends on the number of pores. In some pollinia, the number 
of tubes which are found is enormous. Thus, Amici calculates that 
the two pollen-masses of Orchis Morio may give out 120,000 tubes. 

427. la CJrrrtagBBiio Pitmn there are certain organs which are sup¬ 
posed by some to be equivalent to stamens. On that acooimt they 
were denominated by Hedwig cMtheridia, by others poVmaria. They 
consist of closed sacs of different forms, rounded, ovate, oblong, davate, 
flask-like, &o., developed in difierent parts of Ae plants, containing a 
number of corpuscles immersed in a mucila^ons fluid, which at a 
certain period of growth are discharged through an opening at the sur¬ 
face. Sometimes the antheridium is a simple cell, at other times it is 
obmposed of a nuinbmr of cells, as in Hypnum triquetrum (fig. 368,1). 



It either appears on the surface of the plant, or is concealed within its 
tissue, imtheridia are sometimes confined to particular parts of the 
plant, at other times they are more generally diffused. Their contents 
are small utricles or cellules, varying, like pollen grains, in the different 


Jig. 868.—L Antherldlnm cff poQinarlum, a, of a mosa called Hypnum tiiqaetrum, at ihc 
moment when its apex is rupturing to discharge the contents, f. 2, Four utiricles of the contents, 
Gontidning each a phytozoop or moving corpuscle rolled up In a drcular manner, a Single 
^lytosoon separated 

869.-1. Portion of mitberldium or globule of Chars vnlgaiia Several septate or par¬ 
titioned tabes, t, attached to a utricle or vesicle. A mass of similar utricles, forming the bases 
of a l^ge number of tabes, fills the cavity of the antheridium. 2. Extromlty of one of these 
tubes, composed of several cellules, in eaco of whtdi is a phytosoon. One of the pbytozoa is 
represoitea half detached from the cellule. 8. Extremity of a tube flrom which the phytozoa 
h^ wjpflii, -with the exception of the terminal cellule. 4. One of the phytozoa serarated 
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orders of crrotogamic plants, and enclosing in place of fovilla, peculiar 
bodies called {tpint, a plant, and (iv,, en animal) (fig. 368,2), 

which are often rolled up in a drcular or spiral manner, as in H^a- 
ticie and Mosses (fig. 368, 3). These exhibit active movements at 
certain periods of their existence, and resemble in diis respect anim^- 
cules. In Chara vulgaris (fig. 369), the anthetiditun or globule, as it is 
called, contains cells, 1, irom which proceed numerous septate {septxm, 
a division) tubes, t. In each of the divisions of these tubes, 2, there 
is a phytozoon which escapes in a spiral form, leaving the division 
empty, 3, and ultimately becomes unroUed, 4j exhibiting two vibra- 
tile c^a (ctZnon, an eyelash), to which the movements are referred. 

428. The Didt.—^The term disk is applied to whatever intervenes 
between the stamens and the pistil, and is one of these organs to 
which the name of tj^tgry was applied by old authors. It presents 
great varieties of form, such as S(^e% glands, hairs, petaloid appen¬ 
dages, &c., and in the progress of growth it often contains sacenmne 
matter, thus becoming truly nectariferous. The degeneration and trans¬ 
formation of the stamens fi’equently form the disk. It may consist of 
processes rising fiom the torus, alternating with the stamens, and thus 
representing an abortive whorl; or it may be opposite to the stamens, 
and then formed by chorization (IT 388), as 
in Crassula rubens (fig. 258 a). In some 
flowers, as Jatropha Curcas, in which the sta¬ 
mens are not developed, their place is occu¬ 
pied by glandular bodies forming the disk 
(fig. 314, 2 , a). In Gesneraceaj and Cruci- 
ferse the di^ consists of tooth-like scales at 
the base of the stamens (fig. 345, *). The 
parts forming the disk sometimes unite and 
form a glandular ring, as in the Orange; 
or a dark-red lamina covering the pistU, as 
in Peeonia Moutan (fig. 370 5 ); or a waxy 
lining of the calyx tube, as in the Rose 
(fig. 270 ct); or a swelling at the top of the 
ovary, as in Umbelliferse. 

429. The Plain.—^The pistil occupies the centre or axis of the 
flower, and is surrounded by the stamens and floral envelopes, when 
these are present. It constitutes "the innermost whorl, and is the 
female organ of the plant, which after flowering is changed into the 
fruit, and contains <he seeds. It sometimes receives Ae name of 
gynceemm pistil, and imlts, habitation). It consists essentially 
of two parts, the ovary or germen, containing ovules or young seeds, 
and the stigma, a celltdar secreting body, which is either seated im- 

Fig. WO.—Disk, di of Peoxda Montan, or Tree Fseony, covexing the ovary, and interpoaed 
tween the whorl of atamena, and pistil, p. * 
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medictdr on the ovary, and u then called sessile, as in Ihe Tulip and 
Poppy, (%• 409), or u elevated on a stalk called the s^le, interposed 
brtween Ae ovaiy and stigma. The style is not neoeessaiy for the per¬ 
fection of the pistiL Sometimes it becomes blended with other parts, 
as with the filaments of the^anthers in the column of Orchidacese. 

^0. Like the other organs, the pistil consists of one or more modi- 
ficd '.leaves, wMch in this instance are called carpels (xxgrle, fruit). 
The analogy of carpels to leaves may be deduced from their similarity 
in texture, and in venation, from the presence of stomata, hairs, and 
glands; from their resemblance to leaves in their nascent state; from 
tiieir occasional converdon into thie leaves, as in Lathyrus latifolius; 
and fi»m the ovules corresponding in situation to the germs or buds 
fbund in some leaves, as those erf Bryophyllum calycinum. When a 
pistil consists of a single carpel it is simple, a state usually depending 
on the non-development of other carpels; when it is composed of 
several carpels, more or less united, it is compound. In tiie first- 
mentioned case, the terms carpel and pistil are synonymous. Each 
carpel has its own ovary, style (when present), and stigma, and is 
formed by a folded leaf, the upper surface of which is turned inwards 
towards the axis, and the lower outwards; while at its margins are 
developed one or more buds called ovules. That this is the true nature 
of the. pistil may be .seen by examining the flower of the double- 

flowering Cherry. Initnofimit 
is produced, and the pistil con¬ 
sists usually of sessile leaves (fig. 
371), the limb of each being 
green and folded, with a narrow 
prolongation upwards, s, as if 
from the midrib, n, and ending 
in a thickened portion. When 
the single-flowering Cherry is 
examined, it is fomid that, in 
place of folded leaves, there is 
j/n a single body (figs. 372, 373), 
the lower part of which is 
enlarged, forming the ovary, o, 
and containing a single o^e, 
attached to its walls, with a btmdle of vessels,/w, entering it, a 



Sig. 371.—Garpellary leaf of the doable-flowering Cherry. In this plant the pistil is composed 
fistisetiy of one or more leaves folded inwarfla I, Lamina or blade of the leaf or caipci. s, 
PnflonMlon of themidiih/n, representing the style, and ending in a circiil»r thickened portion 
eq^valbit to tiie stigma. 

Tig, 872.—^Hstn .or carpel of the tingle-flowering Cherry In its normal state, o, Ovary. 
If Style, s, Stigma. 

373.>*-The some cat vertically, to show the central cavity of the ovary, o, with the ovule, 
{f, suspended fimn its wall at a point where a bundle of nourishing vessels, / n, terminates. 
^'Style traversed by a canal, e, which rons from the stigma, s, to the cavity of the ovar>% 
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cylindrical prolongation, t, forming the style, and a terminal esqjansioa) 
n, the stigma. It will be seen that in this ca% two carpellory leaiM 
have become succulent and have united together, sp as to form a ann- 
pound pistil, with a single cavity containing one young seed. 

431. The ovary then represents the limb or lamina of the leaf, and 
is composed of cellular tissue with fibrorvaacular bundles, and an 
epidermal covering. Tlie ceUular tissue, or parenchyma, often be¬ 
comes much developed, as will be seen particularly when fleshy fruits 
are. considered. The outer epidermis corresponds to the lower side of 
tlie leaf, exhibiting stomata, and sometimes hairs; the inner surface 
represents the upper side of the leaf, being usually very delicate and 
pale, and forming a layer called sometimes epithelium (M, upon, and 

tender), which does not exhibit stomata. The vascular bxmdles 
correspond with the veins of the leaf, and consist of spiral, annular, 
iind other vessels. 

432. The Style has usually a cylindrical form, consists of cellular 
and vascular tissue, and when carefully examined is foxmd to be 
traversed by a narrow canal (fig. 373 c), in which there axe some 
loose projecting cells (figs. 374, 375), forming what is called the con- 
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duct ing tissue. A transverse section of the style of Crown Imperial 
(fig. 374), shows three vascular bundles, vvv, corresponding to three 
Styles which are united into one, and, p, loose cells in the canal of the 
style. This canal is bounded by cellul^ tissue (fig. 375 c c) traversed by 
spural vessels, v v, and in its interior, besides the loose cells, pp, there are, 


Rg. 374 .—Transverao section of the style of FrlUllurla Imperious, or Crown Imperiol. The 
style is composed of three united together. « o e, Three vascular bundles, each corresponding 
of the thne styles, p, PaplUu) or celiular bodies pn^eettog into the caidty of the cantiL 
Fig. 876.—Structure of the canal In the centre of the s^le of a Campanula, c e, Cellular 
sue forming its parletea traversed by tracheae, v. p p, Variously formed ce]h>, diaplacad 
were, and along witii other elongated and filamentous ones, // obstructing the canal. > ' ^ 
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v^^etSaQj p^od of fecnnda^ti, eldt^ated tubes,/ f, which in 

'pait j^ up the canaL The name, conditciiag tissue, is given to that 
Lihvt^ canal of fhe style, oh account of the part which it plays 
CLV^ing'the influence of pbllen to the ovules, as will be ex- 
under fertilization. 

^83. The Stigma is a continuation of th6 cellular tissue in the centre 
of the slyle, and it may be either terminal, when the canal opens at 
the top only (figs- 373 s, 376, 1), or lateral, when the splitting of the 
canal takes place oh one side (fig. 377 s), or on both sides (fig. 878 s s). 
The stigma sometimra extends along the whole length -of the slyle. 
In Orchidaceous plants, it is placed on a part of the column called the 
gynizus iyMii, pistil, and f^a, I sit). It is composed of cellular tissue 
more at less and often having projecting cellules in the form of 
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papillsB (fig. 376, 2), or of hairs (figs. 379, 3, 410 s), and at the 
period of fertilization exuding a viscous fluid, which retains the grains 
of pollen, and causes the protrusion of tubes. 

484. A pistil is usually formed by more than one carpel. The 
carpels may be arranged like leaves, either at the same of nearly the 
same hdght in a verticil (%s. 380, 381), or at different heights in a 
spiral cyde (fig. 306 <r). When they remaint separate and distinct, thus 
showing at once the composition of the pisffl, as in Caltha, Itoun- 
culus, Hellebore, and Butomus (fig. 381), the term apocarpws {dm, 
-separate, and fruit) is applied. Thus, in Crassula rubens 

(fig. 258), the pifidl consists of ^e verticillate carpels, o, alternating 
with the stamens, e ; and the same arrangement is seen in Zanthoxylon 


Fig. S7&—1. StlEma, <, of Daphne Lanreola, terminating the style, (. a, Snmmit of the 
ovoiy. 9* A imaJf porttoh of the sarfoSe of the stigma, much magnified to show lls papillce. 

Rg. 377.~-Uni}atoral stigma, s, of Astmina tiilol^ Style. 

Fig. 876h«-BliatorBl stigma, s s, of Plantd^ saxatllia o, Ovary, f, Style. 

Fl^ 8796^^ Summit of the B^le, I, of HihiKms palustris, dividing into five branches, which 
on each tonBlnated by a etigmo, sa One of these branches highly magnified. A Portion 
the sngma still more magnified to show Its paplUse, which are elongated like 

•lUfaM. " ’ r 
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fraadneum (fig. 380). In the Tulip-tacee' (fig. 306), the separate car¬ 
pels, c c, are nrimerous, and arranged in a spiral o^de, upon ap elon¬ 
gated axis or receptacle. In the Easpberiy, the carpds are on a 
conical receptacle; in the Strawbeny, on a swollen snocnlait one; and- 
in the Eose (fig. 270 o o), on a concave one, r r, covered by the tube 
of the calyx, ct 



435. When the finnt consiste of several rows of carpels on a flat 
receptacle, the innermost have their margins directed to the centre, 
while those of the outer rows are arranged on the back of the inner 
ones; if the receptacle is convex, the outer carpels are lowest, as in the 
Strawberry; if concave, the outer ones are uppermost, as in the Eose. 
At other times the carpels are united, as in the Pear, Arbutus, and 
duckweed, so that the pistil becomes sytxarpous (iri», together or 
united). In Dictanmus Fraxinella (fig. 382), five carpels rmite to form 
a compound pistiL In SdUa italica (fig. 259)j the three carpels form 
only one apparently; but on examination it will be found that the 
pism consists of three carpels alternating with the three iimer stamens. 
The union, however, is not always compete; it may take place by the 
ovaries alone, while the styles and stigmata remain free, the pistil being 
then gamogastrous (yufiei, tmion, and yaerrijf, ovary); and in this case, 
when the ovaries form apparently a single body, this organ receives the 

• 

Vig. 880.—Pistil of Zanthoxylon ftuxineoin, consiatlnir of five difitinct earpela, Bunported on a 
^ODphore, a Eacb of the ovaries, o, bears a tcrailnaJ style dilated at its extramltj into a 
soinna, s. The five stigmata remain for a long thne adherOnt by their sides. 

sig. 38L—1. Carpels of Hutomus umbellatt^ consisting of folded leavos arranged in different 
veitfcUa g. Section of the same, allowing the altomarion of the mrts oi the fiower. 
outer leaves of the perianth, o', alternating with tbrecinner ones, p i, three rows of stamensk ftio 
and e t, and the eanMda, e e and c i 

Fig. a82.-~Porticm of the piaril of Dictamnus Fraxinella. Two of the five carpels have bM 
i^oved In order to diow how the stylea, produced on Uxb inner side of the carpels, and at 
first distinct, apuToximate and become united into one. o, Ovorlea two of which in front abpw 
weir dorsal sunace, d; and their lateral surface, 2. At the base of the gynophoM, p, are seen 
the dcatrlces, e, marking Ihe insertton of the calyx, the petals, and stamena 
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name of compotmd ovary; or the union may take place by the ovaries 
and et^es, vfhile the stigmata are disunited; or by the stigmata and the 
snmmit of the style only (fig. 3fi0). Various intermediate states exist, 
such as paiiaal union of the ovaries, as in the Eue, where they coalesce 
at their base; and partisd union of the styles, as in Malvace« (fig. 383). 
The union is usually most complete at the base; but in Labiate the 
styles are united throughout their length, and in Apocynaceee and 
Itadepiadacee, the stigmata only. 

436. When the union is incomplete, the number of the parts of 
a compound pistil may be determined by the number of styles and 
stigmata (fig. 383 s); when complete, the external venation, the 

grooves on the surface, and the 
internal divisions of the ovary, indi¬ 
cate tlie number. When the grooves 
between tlie carpels are deep, the 
ovary is denominated lobed, being 
one, two, tliree, four, or five-lobed, 
according to circumstances. In fig. 
383, the nine carpels forming the 
ovary, o, are divided by grooves; 
and in fig. 384, a transverse section 
of the ovary of Fuchsia coccinea, 
shows the four carpels which form 
it. The changes which take place 
in the pistil by adhesion, degeneration, and abortion, are frequently so 
great as to obscure its composition, and to lead to Monfelies in the 
dtemation of parts. The pistil is more liable to changes of this kind 
than any other part of the flower. 

437. The carpels are usually sessile leaves, but sometimes they iire 
petiolate, and then are elevated above the external whorls. This 
elevation of the pistil may in general, however, be traced to an elon¬ 
gation of the axis itself, in such a way that the carpels, in place of 
being dispersed over it, arises, only fi-om its summit. A monstrosity 
often occurs in the Eose (fig. 385), by which the axis is prolonged, 
and bears the carpels, f, in the form of alternate leaves. Thus, by 
the union of the petioles of the carpels, or by lengthening of the axis, 
the pistil becomes stipitate (stipes, a trunk), or supported^ as in the 
Passion-flower, on a stalk (figs. 38D, 382 g), called a gynophore (yvtv, 
pistil, and I bear), or thecaphore (i^xti, ^ case). Sometimes the 




Aloea. Of Klne ovaries, united so as to form one. 1 Column formed 
near their summit, where they diverge and separate. £Mh of the divl- 
„ — J terminated by a stlraa,«. 

Koriaohtal section of the four-celled (guetdrUocular or tetratheaxl) ovary of Fuchsia 

_e e e c, WaU of the' ovaryf which is formed by four caroellaxy leavea a, Qu^ran- 

bds to ;trmch the carj^s are united, o, Ovules attached to the Inner margin .ot the 
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axis is prodacefl beyond the ovaries, and the styles become united to 
it, as in Geraniacese and Umbellifewe. In this case the prolongation 
is called a carpophore fruit, and 1 

bear). 

43S. The ovules are developed on the inner side 
of the carpel where the two edges of the carpellaiy 
leaves unite, and they arc connected to it by vas¬ 
cular bundle whic^ proceed from below upwards, 
traverse the carpel, and send a branch to each of 
the ovules. At the same place there is a devdop- 
inent of cellular tissue in connection with the con¬ 
ducting tissue of the style and with the stigma. By 
the union of these tissues is formed the ptamOa^ 
or projection to which the oiniles are attached. 

Some restrict the term placenta to the point of 
attachment of a single ovule, and call the union of 
placentas, bearing several ovules, placeniartes or 
pistillarij cords. The part of the carpel where the 
placenta is formed, is the inner or ventral suture, cor¬ 
responding to the margin of the folded carpellary s®® 

lea^ while the outer or dorsal suture corresponds to the midrib of the 
carpellary leaf. The placenta is hence sometimes called marginal. 
TlieJ placenta is formed on each margin of the carpel, and hence is 
essentially double. This is seen in cases where the margins of the 
carpel do not unite, but remain separate, and consequent^ two pla¬ 
centas are formed in place of one. In fig. 886, the two carpels are 
folded, so tliat their margins meet, and the placenta is apparently 
single; whereas in fig, 887 the margins of each carpel do not meet, 

A A- • 

386 387 388 

and the placenta of each is double. Again, in fig. 388, the two carpels, 
after meeting in the centre or axis, a, are reflected outwards towards 
the dorsal srfture, s d, and their margins separate slightly, each being 
jAacentary and bearing ovules, o. 

439. When the pi^ is formed by one carpel, the inner margms 
unite in the axis, and form usually a common margimil placenta. 

88&—Se^on of monttroiu Rqse, m at section 824 the axis of vhich Isprokmged 

heyoi^ the flower, and the enrelopes removed to show the abortive stamens, r. The carpels 
ar e a ttached aitemately along the axis In the form of leavea jp, Abortive floral envelopes, 
gtamens in imperfect flower at the ape£ 

886, S87, sSS.*—HorUontal sections of ovartes, composed of two carpellary leaves, the edgM 
of whi^ are folded so as to meet in the axlS^ a, in flg. 887; are reflected Inwards Into the loca- 
laments after meeting in the axis in flg. S88; and do not reach the axis la fig. 387. 










liU8.p|i»mls jasj extend! atong Qie whde maigin of the ofszy as far 
aa ,^^)»se of the style, or it may he confined to the base or apex 
only. 'When the pistil is compo^ of sevenfi separate carpel^ or, in. 
other words, is apocarpous, there are generally separate placentas at 
eaoh of their margins. . in a S 3 nicarpoas pistil, on the other hand, the 
carpels are so united that the edges of eadi of the contiguous ones by 
their union form a septum (septum, a fence or enclosure), or dmepimeTit, 
(^qno, I separate), and the number these septa omsequently in- 
mcates the number of carpels in the compound pistil. It is obvious 
then that each dissepiment is formed by a double wall or two laminss; 
that Ihe presence of a septum implies the presence of more than one 
carpd; and that, when caipels are placed side by i^e, true dissepi¬ 
ments must be verticd, and not horizontal. 

440. "When the dis^piments extend to the centre or axis, the 
ovary is divided into cavities, cells or loculaments (loculus, a box), and 
it may be bilocular, irUoculccr, gmdrilocular, qumquelocular-, or multir- 
locular, according as it is formed by two, three, four, five, or many 
carpels, each corresponding to a single ceU or loculament (fig. 381, 2, 
ce, c t). In these oases the marginal plac^tas meet in the axis, and 
unite so as to form a single central one (fig. 886 a). Some call this 
placartation cmU (belonging to the axis), but this term is perhaps pro¬ 
perly restricted to caSes where the placenta is an actual prolongation 
of the axis. The number of loculments is equal to that of the dis¬ 
sepiments. In fig. 384, there is shown a transverse section of the ovary 
of Puchsia ooccinea, c ccc being its parietes formed by the union of 
four carpellary leaves, a the axis united to the parietes by dissepiments, 
limd o the ovules attached to the placentas at the margin of eadi carpel. 
When the carpels in a syncarpous pistil do not fold inwards completely 
so as to meet in Ihe centre, but only partially, so that 
the dissepiments appear as projections on the walls 
the ovary, then &e ovary is unilocuker (fig. 387), 
and the pl^entaa are pcerietal (paries, a waE). A 
horizontal section of the ovary of ExythneaCentaurium 
(fig. 389), exhibits a unilocular ovaiy with parietal 
plarentas, p, formed at eaoh of the margins of the 
carpels whi<i do not meet in the centre. In these 
instances the placentas may be formed at the margin 
of the united contiguous leaves, so as to appear sin gle^ 
at l^e margms may not be united, each developing a placenta. From 
this, it will be seen that dissepiments are oppoate to placentas, formed 
by ;^,imion of the mar^ns of two contiguous carpels, but dteruate 
with toose fonped by the margins of the same carpel 




section of the ovaiy of Errthnea Gentanrlum. e, Wall or pailoa of the 
p. The edge on arbich the placenta Is foimed, bearing the nrnlea) o. 



441. The carpdlaiy leaves may fcld inwards very dighiiy, or they 
may be applied in a valvate nuumer, merdy tonching at marj^d^ 
the placentas then being parietal, and appeariim as lines thi<£ea> 
ings along the walls. In fig. 390, the pistil of "^bla tricolor is repre¬ 
sented, 1, cut vertically, and, 2, cut transversely, the ovules bmg 
attached to the walls of the ovary, and Ihe placentas, bang merely 
thickened portions of the walls. Cases occur, however, in which the, 
placentas are not connected with the walls of the ovary, and form what 
is called a free central placenla. This is seen in many of the Caryo- 



phyllacesc. Thus, in Cerastium hirsutum (figs. 391, 392), the ovary, 
0 , is composed of five carpels, indicated by the styles, s, but there is 
only one loculament, the placenta, p, being free in the centre, and the 
ovules, g, attached to it. 

442. In Caryophyllacese, however, while the placenta is free in the 
centre, there are often traces found at the base of the ovary of the 
remains of septa, as if rupture had taken place; and, in.rare instances, 
ovules are found on the margins. But examples occur of this^and 
of placentation, as in Primulacets, Myrsinaceae, Santalaceae, and l^eo- 
phrastesB, in which no vestiges of septa or marginal ovules be 
perceived at any period of growth. Duchartre states that ihe free 
placenta of Primulacese, is totally different fironi that of Catyophyl- 
laceas. It is always free, and rises in the centre of the ovary, and me 
part uncoyerdd by ovules gradually extends into the style. It is not 
first continuous with the style, and then free; neither rs it originally 
marginal, and then fi:ee; but it is, according to him, wholly through- 

Fis. 890.~PtBtll of Vioilft tricolor, or Pansy, cat Tertically to show the ovules, o, attacbodto tiw 
parletes. Two rows of ovules are seen, one in front, and the other In profile. J9, A tbidDsned 
line on the walls forminff tlie placenta, e, Calyx, Ovary. 1. Hooded stigma teitDlnsHag tiie 
style. S. Horisontal section of the same, p. Placenta, o, Ovulea s, Sutore. 

Fig. 891.—PistU of Cerastlom hirsutum cut veiiically. o, Unilocular or monothecal ovary, p, 
Free central placenta, g, Ovules, s, Stylea 

The same cut horizontally, and the halves separated So as to show theinterior 
cavity of the ovary, e, with the free central placenta, p, covered with ovutes, g. 



or n-^cnmA. 

otgm, amd yintif, produetion or develop- 
a^e.'' ' 

' * ther^re, has been accounted for in two 

bjr supposing that the placentas in the early state were 
fistmed raft the margins of carpellary leaves, and that in the progress of 
development these leaves separated from them, leaving the placentas 
and o^es free in the centre; or by supposing that the placentas are 
- itot marginal but axile formations, produced by an elongation of the 
axis, the ovules being lateral buds, and the carpels vertidllate leaves, 
united together around the axis. The latter view has been sup- 
. ported by many botanists, and is confirmed by the fact, tliat in some 
cases the placenta is actually prolonged beyond the carpels. The 
first of these views would apply well to CaryophyllacesB, the second 
to PrimulacesB. In the latter case, the only way of explaining the 
appearance on the marginal hypothesis, wiU be by considering the 
pl^ntas as formed from the carpels by a process of chorization (T 383), 
and united together in the centre. 

444. Some indeed, as Schleiden and Endlidher, consider the axile 
view of placentation as applicable to all cases, the axis in some cases 


remadning firee and independent, at other times sending prolongations 
along'%e margins of the carpeUary leaves, and thus forming the nmr- 
gin^ placentas. The occurrence of placentas 

P over the whole iimer surface of the carjiels 
or of the dissepiments, as in Nymphaia and 
in Butomus umbellatus (figs. 393, 394); 
also, though- very rarely, along the dorsal 
suture, as in Cabomba, or on lines within 
the margin, as in Orobanche, has been 
supposed to confirm this view. Schldden 
argues in favour of it, from the case of Ar- 
meria, where there are five carpels and 
a single ovule attached to a cord, which 
3 ^ 394 arises from the axis, and becomes curved at 


the apex so as to suspend the ovule; also, 
frrom oases, such as Taxus, where the ovule appears to be naked and 
terminates a branch. 


445. This theory of placentation, however, cannot be easily applied 
to idl cases; and Gray says that it & disproved in cases of monstronty, 
in which the anther is changed into a carpel, or where one part of’ 
the anther is thus transformed and bears ovules, while the other, 
a6 1^ as the filament, remain unchanged. In the case of LufPa 
en^gled fibres of the carpella^ leaves, even in the young 


mn SSS, S94.—bqe at the caipels of Butomus umbellatus, or flowering Bush, cut trous- 
ta 398, longitucUaally In SS4. J, noculameut or cavity of the carpel, o, Ovules, 
s, sa^sto. '' 





state, seem to be connected with perpendicular lines the 

<^nta. Brongniart mentions a case where the margmal placenta tns 
entire, while the axis was prolonged separately, and totally nnctm- 
nected with the placenta; he also notice peculiar monstrosilaes, which 
seem to prove that, in some cases at least, marginal placentation must 
take place. 

446. Upon the whole, then, it appears that marginal, or, as it is 
often called, caxpellary placentation generally prevails; that axile 
placentation explmns easily cases such as Piimukcese, while such in¬ 
stances as CaryophyUaoe® are explicable on either view. 

447. Occasionally, divisions t^e place in ovaries which are not 
termed by the edges of contiguous carpels. These are called spurious 
dmepiiumts. They arc often horizontal, and are then 
called phragmata {(pfdyfcu, a separation), as in Ca^iarto- 
carpus Fistula (fig. 395), where they consist of transverse 
cellular prolongations from the walls of the ovary, only 
developed after fertilization, and therefore more properly 
noticed under fruit. At other times they are vertical, as 
in Datura, where the ovary, in place of being two-ceUed, 
is thus rendered four-celled; in Crucifer®, where the pro¬ 
longation of the placentas forms a replum (replitm, leaf of a 
door) or partition; in Astragalus and Thespesia, where the 
dorsal suture is folded inwards; and in Diplophnustum, 
where the inner margin of the carpels is reflexed (fig. 388). 

In Cucurbitaceas, divisions are formed in the ovary, appa¬ 
rently by peculiar projections sent inwards from curved parietal "pla¬ 
centas. In some cases,horizontal dissepiments are supposed to beformed 
by the rmion of carpels situated at hSerent heights, so that the base 
of one becomes imited to the apex of another. In sUch cases, the 
divisions are true dissepiments formed by carpellary leaves. The 
anomalous divisions in the ovary of the Pomegranate have been thus 
explained. 

448. The ovary is usually of a more or less spherical or curved form, 
sometimes sraooA and uniform on its surfece, at other times hairy and 
grooved. The grooves, especially when deep, indicate the divisions 
between the carpels, and correspond to the d^epimenta The dorsal 
snture may be marked by a slight projection, or by a superficial groove. 

449. The ovaiy is either bee hi the centre of the flower, or it is 
imited to the surrounding parts, more especially to tie calyx. The 
union may take place completely, so that the calyx is adherent through¬ 
out, and becomes superior while the ovary is inferior, as in the MeSem 
(fig. 396, 0 being the ovary, I the upper part of the adhereat Gal^)$ 
or it may take pl^ partudly, as in Saxifi:agaceffi (figs. 897, 398), wnere 

Slg. S9&—^Pistil of CSaaslA, or CBthartocaxpus fistulai in an advaiieed itatei cut longtlndliuiUy 
to show the spurlouB tranaverse diBsepimenta or phxagmata. 




ca£xx ahd dTAST. 


tib« p, bepcwes ha^-ii^erior^ the calyx being hdlf-superwr. These 
a^e4<HU. li^veen the'calyx and the ovary will be found to be of 
importance, as determining the epigynous sxAperigymus (irl, upon or 
above, imd mgJ, around, and yvjxj, pistil) condition of the stamens. 



Gases of adhesion between theovary and the calyx, as occurin the Apple, 
Pear, Gooseberry, and Fuchsia (fig. 399), must not be confounded with 
cases such as the Eose (fig. 270), where the tube of the calyx becomes 
enlarged and hollowed so as to cover the carpels. In the former 
case, a transverse section (fig. 399) shows one or several closed locula- 


Flff. Flower of CiLComls Hdo, or Melon, o. Inferior ovary covered by the adherent calyx. 

oFthe calyx appearing above tbe ovary, p. Corolla. 

Fig; 897.--Flower ar&i:idfeaga Geam, cut vocally to show the o^ry, o, adherent for half ita 
helm to the calyx ^ The calyx, which is called huf-superlor. j>,Fetal& e, Stamena s, Styles 

4BiaiO«ua. 

S.—Pistil of Hoteia Japonlca, one of the SasdfraxacesB, cut vertically in order to idiow the 
' its two cavities or locnlaments. It Is a bilocular or dithecal ova^. o. Two ovaries 
1 into one, and adherent for half their height te the calyx, e. t, StylM. a, Stigmas, 
id with ovules, pe, Base ctf the pet^ 

r of Fuchsia coednea divided horizontally into two halves through the middle 
The lower hali^ ^ (tf the o^iy has been left untouched, to show its four cavities 
1 the ovules atta^ed to thdr Intomal angles. Fig. 384 shows the same section more 
^ ^ Wed. Tbe upperhalf^ 1 , has been cut vi^cally, to show the ovulea,- 0 r, arranged in 

A TowJn era tognlament. The ciuyk, incorporated witii the ovary below, is prolonged above it 
m Ibm of a tube, t. and divides at ife sommit into fonr segments 11. p, Petals inserted on 
I tpbe of Utt caljix at the place where it divides into segments, a, Stamens inserted atoo on the 
^hifennM^gnge and SDia^ TlMstyfe rising from the sununit of the ovary, and tenninated 





meats contaioing ovules; while in the hftter, it eshibits one ciavii|{r' 
open at the top, and separate carpels scattered over the surface, ea^ 
having a st^le and stigma. 

450. Peculiar views have been advocated by Schleiden, who con¬ 
siders the ovary in some ca-ses as not formed by carpels, but by a 
hollowing out of the ads, at other times by these two modes combined. 
Thus the superior ovary, according to him, is formed of carpellaiy leaves, 
while the inferior ovary of the. Apple and Pomegranate is composed of 
the expanded summit of the axis, bearing the carpels in its interior; 
that of Epilobium is foimed foom the stem alone, and that of Saxi¬ 
frage pdrtly by the peduncle and partly by carpels. 

451. Tfce Sirle proceeds from the summit of the carpel, and may 
be looked upon as a prolongation of it in an upward direction (fig. 
872 t). It is hence called apicilar {apex, top). It consists not merdy of 
the midrib, but of the vascular and cellule tissue of the carpel, along 
with a continuation of the placenta or conducting tissue, which endS 
in the stigma. In some cases, tlie carpellary leaf is folded from above 
downwards, in a hooded manner, so that its apex (as in redinate ver¬ 
nation, fig. 205 a) approaches more or less to the base. When the 
folding is slight, the style becomes lateral (fig. 382); when to a greater 
extent, the style appears to arise from near the base, as in the Straw¬ 
berry (fig. 400), or from the base, as in Chrysobalanus Icaco (fig. 401), 
when it is basilar. In all these cases the style still indicates the organic 
apex of the ovary, although it may not be the apparent ap^ 




452. The carpel sometimes becomes imbedded in the torus or tha¬ 
lamus, so as to have a projection of the latter on one side; and then, if 
the s^e is basilar or latei^ it may adhere to this portion of the torusj 
and aj^)ear to arise from it This is seen in Labiatss (fig. 402), and 


St^lc arising fhun near the base, and beeomlng 
ovary is devdoped; tho styl^, however, stlU indlci^tbig the 


IJg. 400.—>0arpd of Strawberry, e, Ovary. 

DMuar by the mode In which the ovary is 
Offfolc apex of tile ovaiy. 

^ Cnrysobalanns Icaco. o, Ovary, r, Basilar style. #, Stigma. 

402.-^11 of Lanuum album, shown by a vertical section of jpart of the flower.' Two of 
the four ovaries have been removed to exhibit the connection of the style withjaie 
adheskm. o, The two remrinlng ovaries, Glandular dieh placed bdW plrtih 4 ^^ ' 
calyx, p, Corolla. ■ 
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ESSESi*AI, OSOiJIS.-^-TOE STYLE. 


Bpraginaces (fig. 403), where the four carpels, o, are sunk in the 
torus, r, in sacb a way that the common style, s, formed by the union 
f of four baalar styles, seems to be actually a prolonga¬ 

tion of the torus. "V^en ovaries are thus attached 
round a central prolongation of the torus, continuous 
with a united columnar style, the arrangement is 
called a gymhcae (yvpi, pistil, and base). It is 
well developed in Ochnaceaj. In Greranituns there is 
a carpophore or prolongation of the torus in the 
form of a long beak, to which the styles are at¬ 
tached. * 



453. The form of the style is usually cylindrical, more or less filiform 
and simple; sometimes it is grooved on one side, at other times it is 

fiat, thick, angular, compressed, and even petaloid, as in 
Iris and (knna. In Goodeniaceee it ends in a cup-like ex¬ 
pansion enclosing the stigma It may be smooth and covered 
with glands and hairs. These- hairs occasionally aid in scat¬ 
tering the poDen, and are called collecimg hem's, as in Gold- 
fii^ia or Buellia In Campanula they appear double and 
retractile. In Aster and other Compositas (fig. 404), there 
are hairs produced on parts of the style, p c, prolonged 
beyond the stigma, s; these hairs, while the part is b^g 
developed, come into contact with the pollen and cany 
it up along with them. In Vida and Lobelia, the hairs 
form often a tuft below the stigma. 

454. The styles of a syneaipous pistil may be either separate or 
maited; when separate, they alternate with the septa. When united 
completely, it is usual to call the style simple (fig. 399); when the 
union is partial, then the style is said to be hjid, trifid, multifid, accord¬ 
ing as it is two-cleft, three-cleft, many-cleft; or,to speak more correctly, 
according to the mode and extent of the union of two, three, or many 
styles. The style is said to be bipartite, tripartite, or multipartite, when 
the union of two, three, or many styles only extends a short way above 
the apex of the ovary. The style firom a single carpel, or from each 
carped of a compomad pistil, may also be divided. In fig. 314,2, each 
divirion of the tricarpellary ovary of Jatropha Curcas, has a bifurcaie 
or forked style, s, and in fig. 405, the ovary of Emblica officinalis has 
three styles, eaidi of which is divid^ twice in a bifurcate manner, ex¬ 
hibiting thus a dichotomous di'vision. 

455. The length of the style is detomined by the relation which 



TSg. 4nL->^Ftetll of Srithridnm JacqnemontlaniiiD, with one of the ovarleB removed in hrontf 
to ibov the in which the ovartea are Inserted ohliqncly on a pyramidal torus, r, whence 

dyle appeante ariM. ending In a stlgiiia, * 

■ Fig. 401—Siumolt of style;, ^ of an Asten separating Into two hranche^ s, each terminated 
t»y «i inverted conn of coUecong otil^pc. The stigma,«, ii seen helow in tlieform of a band 
or urn on the inner curvature or the branches. 



E3SENTLU:. 0^ ^ti¬ 



lts position may be either terminal or lateral The .latter is seen in 
some cases, as Asimina triloba, where it is unilateral (fig. 377), and in 
Plantago saxatilis (fig. 378), where it is bUaieral Occasionally, as in 
Tasmannia, it is prolonged along tlie whole inner surfece of the style. 
In Iris, it is situated on a clefi^ on the back of the petaloid divisions of 
■die style. It consists of loose ceUular tissue, and secretes a visdd 
matter which detains the pollen, and causes it to protrude tubes. 
This secreting portion is, strictly speaking, the true stigma, but the 
name is generally applied to aU the di'visions of the style on which the 
stigmatic apparatus is situated, as in Labiatce. The stigma usually 
alternates with the dissepiments of a syncarpous pisdl, or corresponds 
with the ccUs; but in some cases, it would appear, that half the stigma 
of one carpel unites with half that of the contiguous carpel, and thus 
die stigma is opposite the dissepiments, or alternates ■with the cells, 
'fliis appears to be the case in the Poppy, where the stigma of a single 
carpel is two-lobed, and the lobes are opposite the septa. 

457. If the stigma is viewed as essentially a prolongation of the 
placenta, dien there is no necessary alternation between it and the 
placenta, both being formed by themar^s of carpeUary leaves, which 
in the one case are ovuliferous, in. the other stigmatiferous. There is 
often a notch in one side of a stigma (as in some Bosaceee), indicating 
ai ’pfirentiy that it is a double organ like the placenta. To the divition 
"fa compound stigma the terms bifid, trifid, &o., are applied according 
to the number of the divisions. Thus, in Labiate (fig. 299) .and in 
Composite (figs. 301,404 s), th'e stigma is bifid; in Polemonium, trifid. 
When the divisions are large, diey are called lobes, and when flattened 

Fie. 406.—.Female fewer of £mbllca ofBdnalla, one of the Euphorhiacece.. e, CMyx.' p p 
PetaiH. Membranous tube sorroandlng the ovary, a, Ovary crowned by thr^ 
being twice bUhr^te. 



lam^kef bo that Btagmaa vaj be bilobate, frOobalg, bikmel- 

4|&8. It has already beea stated, that the divisioiiB of the stigma 
maxk the oombeB of carpels which are united together. Thus, in Cam- 
jpipala (%• 405 bis), the quinquefid or fiye-deft stigma indicates five 
eaBpel% the stigmata of which ore separate, althou^ the other parts 
i*B!!e nnhied. In Bignoniace® (fig. 406), as weE as in SraophuiariaceK 
and Acaitthacese, the two-lobed or bil^ellar stigma indicates a bilo¬ 
cular ovary. Sometiines, however, as in the case of the styles, the 
stigma of a angle carpel may divide. It is probable that, in many in- 
stimces, what is called bifurcation of the style, is only the division m the 
stigma. In Graminete and Composit® (figs. 301,404), there is a bifid 
stigqia and only one cavity in the ovary. This, however, may be pro- 
,'bably traced to subseqtient abortion of the ovaiy of one of the carpels. 
The stigma presents various forms. It may be globular, as in Mindnlis 
Jalapa (figs. 376, 407); orbicular, as in Arbutus Andrachne (fig. 408); 
umbrelL^like, as in Sarracenia, where, however, the proper sS^atic 
surfiice is below the points of the large expansion of t^e apes of the 
Blyle; ovoid, as in Ihchsia (fig. 399); hemispherical^ poljhedral; 



radiating, as in the Poppy (fig. 409), where the true stigmatic rays 
are attached to a sort o{ peltate or shidd-hke body, which may repre¬ 
sent depressed or flattened styles. The lobes of which a stigma con- 
rists may be flat or pointed, as in Mimulus and Bignonia (fig. 406); or 
fleshy and blunt, smooth, granular, feathery, as in many Grasses (fig. 
/4i0). In Orchidace®, the stigma is placed on the column formed by 
' the union of the styles and filaments. The situation where it occxirs 
’1^ been called gynieus (f 433). In Asclepiadace® the stigmas are 

' t . ■ 

'' «| of CampwitlA rotimdlfo 

K. 40&«^BIlainemr st^aa ot.Kgiioiila pandorea. Tlie two lamellse are applied naturally 
a|Mift eacli other fn 1, while in t they ore artiflctally separated, 
fljf. dOT.-MHobular sdgma of MirablUs Jalapa. i, Style, a, Stigma. 

Fif. 406.-MDirciilar stigma,«, and L style of Arbuius Andrachne. 

Fig. 40fi.'4-Pi8tid of Papayer .flomni»ruxn, or opium P^>py< Ovary, t, Radiating stigmas 
oA-its suminlt. 

HstflofCrnadonDactrlim, AOnaa. «, OTair. A ^eaUieiy Stigmaa. 




united, to 13ie fece of tlie anthers, aiid along witfe Uietn form.a soSi^ 
ma8s .(ifig. 853). *' _ ■ 

459. la Crnttogaadc PlaaM there exist org^ called pstSUdia, 
which have been supposed to perform the ftmction of pwi^ They 
consist of hoUow cavities, like ovaries, to which the names of sporangia 
(fftro^a, a spore or seed^ and Ay/tit ^ vessel), and tAeexr & sac), 

have been given, containing bo^es called ym-es, equivalent to ovules. 
The sporang^ or spore-cases ^ sometimes immersed in the substance 
of the plant, as in Eiocia glauca (fig. 411, 1); at other times, they are 
supported on stalks ra seUe (seta, a bristle), as in Mosses. ffar- 
cb^tia polymorpha, they consist of distinct and separate expansions, 
having a bottle-like form (fig. 412), the lower part, o, being enlarged, 
containing the spares, and being surrounded by a cellular tube resem¬ 
bling a cdyx, c. From this ovary-like body there is a prolongation 
wMSj may be considered as a style, t, terminated by a cellular enlarge- 
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ment, s-, which has been compared to a stigma The styloid prolonga^ 
tion ■mthers and disappears when the spores are mature, l^metimes 
the theoffi, as in Lichens, consist of a club-shaped elongated cell or 
ascus (fig. 418, 1), containing nuclei or cdls in its interior, which form 

• 

Ki;;. 4IL-—1. Feniendiciilar section of the iVond, / of Rlccia glaaca* and of the sporanglQin 
i t ^ro-case, o, which is Imbedded In it s, Narrow process or style by which the spoxurnm 
iKimmuni^t^ with the external sni&ce. I, Its cavity or loculna a Young mores still i^ted 
m sets of four In the parent cella r, Celia elongated like roota 2 One of the cells more highly 
magnified, with the four spores which it cont^na Three ^ the spore* are ae^ tim fourta 
being concealed by them. 

Fig: 412.~SporBn^um or spoTe>caiie of Marchantia polymorpha. o^ Hollow swelling contain¬ 
ing spores, and whi<m has been compared to the ovary, t Nmrow process predongen upwardSi 
Md mso mblln g a style, a, Termination of this oellnlar process, compared.to the stigma, c, 
c^uiar covering of the iqioranglum or spore-case, surrottnalng it like a ciay*. 

j *7^ Theca or ascus of Sdlorina saecata, a species ^of lichen, contaiaing eiigbt sMtes, 
united in sets of twa 2. Two these donble gpei-es Mgiil y 






I ire Bin^ at other times iBiited in sets 
*)i (%• 2)> or of some multiple 

iMK - There are various moimeations of sporai^ in other 
ptogifi^e tribes.’ Thus, in Ferns, thej are often sarroundud by 
'ring, or by elastic bands, vrhnm cause their dehiscence; 
^ in the Chara they are called nucules, and jnresent an oval ftrm 
arrangement of tubes. 

1^1 Vfce •vaie^—^The ovule is the body attached to the placenta, 
and de^ed to become the seed. It bears the same relation to the 
daipel that marginal buds do to leaves, and when produced on a free 
oeUnd placenta, it naay be considered as a bud developed on a branch 
fosa^ by the elongated axis. The single ovule contained in the 
ovariis of Compodtse and Grasses, may be called a terminal bud 
BUtzoUnded by a whorl of adhering leaves or carpels, in the axil of 
one Of which it is produced. In Delphinium datum, Brongniart 
noticed caxpds bearing ovules, whidi were sometimes normsd, at other 
times mere bbes of the carpellary leaf^ and in Aquilegia, Lindley saw 
ovules transformed into true leaves, produced on either nwa:^ of the 
carpel Henslow has seen the ovules of Mi^onette become leaves. 
In such cases the vascular bundle of the placenta (jnstiUary cords) 
are fcp^ by the lateral veins of the carpellary lesd. These veins 
passd^ the iwginal lobes or leodets which refsesent ovul%, and 
spm to prove, that the placenta in sudi cases must be truly a 
and not an a^e, formation. Godrop, from observing 
says, that in Leguminoste, the pericarp or seed-vessel is 
^ the common petiole dilated, the style is probably the 
leaflet, or tendril, or apicubim, while tiie ovides represint 
leaflets of the leaf, and are modiflcations of it. 
i' dfll. The ovule is usually contamed in an ovary, but in Conifene 
aod^C^iadf^ess it has no proper ovarian covering, and is called naked. 

&e» ordws the ovule is produced on the ed^ or in the axil of 
altered leaves, which do not present a trace of style or stigma. The 
carpellary leaves are sometimes so folded as to leave the ovules exposed 
or semtimde, a^ in Mgnonette. In Leontice thaUctroides (blue cohosh), 
tire ovules rapture the ovary immediately after flowering, and the 
seeds #re expcsed. So also in species of Ophiopogon, Peliosanthes, 
BQd StiUetia. In the species of Cuphea, the placenta ultimately bursts 
.through the ovary and corolla, ^becoming erect, and bearing the 
ea^posed ovules. 

. .4)68. Thf ovule is attached to the i^acenta either directly, when it 
se^USf or by means of a prolongation called a fumeulus {funk, 
a nor^ tmAUioal cotd, or podorperm (mu!, a foot, and a seed). 

sometimes becomes much dongated after fertiU^tion. The 
a is si^petimes called the trophosperm (rgi^a, I nourish). The 
l^wh^'tire ovule is attached to the pl^nta or cord, is its base 




or Mum, the opposite extremity being its 

qaent^ turned rotmd in such nVaj as to approach h.e tSi 

ovule IS sometimes imbedded in'the placenta. ,, 

463. In its simplest form, as in the Misktoe, the ovule presents itsd 

as a small cellular projection, which enlarges, assumes an ovoid foi# 
(fig. 414), and ullamatdy becomes ' ;:!> 

hollowed at the apex (fig. 415 c). e ' 

The cavity thus product is sur- 

rounded by a mass of cells called the JR' m r 

micleus, n, and is destined to contain Hs; m • ( j.\ ^ 1 

the embryo plant after the process of m \ / ?.w 

fertilization has been completed. In \ * r 

this embryonal cavity the young plant * '' ^ 

is sT^ended by a thread-like cellular 

process called suspensor, attached to the summit of the nucleus. Tliie 
cavity in some plants is surrounded by the cells of the nucleus; but, 
in other cases, it becomes lined with a regular epithelial (5^ 431), or thin 
cellular covering, and constitutes the embryo-scu:, which is produced 
before fecundation, and contains amnios or mucilaginous matter in 
which the embryo is formed. 

464. The nucleus (fig. 421 n) may remain naked, and form the ovule, 
as in the Misletoe, veronieg, hederifolia, Asclepias, &c.; but in most 
plants it becomes surrounded by certain coverings during the progress 
of development. Tliese appear first in the form of one dr more celMai 
rings at the base, which gradually spread over the surface. In some 
cases only one covering is formed, as in Composite, Campaaultee®, 
Walnut &c. Thus, in the latter (fig. 416), the nucleus, w, is amred 
by a single envelope, t, which, in the first instance, extends over the 
base, and then spre^ over the 

whole surface (fig. 417), leaving only , 

an opening at the apex. In other 
instances (fig. 418), the nucleus, w, \ 

besides the single covering (fig. 418, 

2, fo"), has another developed sub- _ ; jilft 

sequently (fig. 418, 3, te), which ^ til Wp:; 

gr^ually extends over the first, ^ M wjj ''"i 

and idtimately covers it completely. 

There are thus two integuments, an* 

outer and an inner—^the latter, according to Sohleiden, being first pro¬ 
duced. Mirbel considers the outer as the first formed, and hence has 
called it primim, te, while the inner is denominated secundine, tL The 

Flff. 414.—Ovule of the Mialetoo entire. 

fif;. 41d.-^vale of Misletoe cut to show the embryo>8BC» c, and the whole of the rert.of the 


^/^•41^pvuleofJuff1ans regia, the Walnut ^ l^nr^e integument », I^uclou8» bape of 
V.M ** covered with Integument at the early period of development. » 

Fig 4i7.^Tho same ovule moi*e odvunced, in wlucn the nucleus is nearly comidetely covered. 
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418,1 


418,8 


418,3 


latter Barnes are in llie present day used by botanists as denominating: 
ike oilter and inner covering, vdthout reference to their order of 

development. At the apex 
of the nudens these integu¬ 
ments leave an opening or 
foramen composed of two 
apertures; that in the pri- 
mine (fig. 418, 3, ea:), called 
eamtam outside, and 

mouth), that in the 
secundine (fig. 418, 8, ed), 
endmtmm (hiay, within). The 
foramen of the ovule is also called mkropyk small, and stvAs, a 

gate); but this name is often restricted to its appearance in the seed afW 
fecundation. The length of the canal of the foramen depends on the 
development of the nudeus, as well as the thickness of the integuments. 
Ihe embryo-sac is sometimes prolonged beyond the apex of the nudeus, 
as noticed by Meyen in Phaseolus and Alsine media, and by Griffith in 
Santalum album and Loranthus. Some authors, as Mirbel, consider 
the ovule in reference to the embryo, and speak of five coverings of 
the latter, viz., 1. primine-; 2. secundine; 3. terdne, or the nudeus; 
4. quartiue, a temporary cellular layer, which is occasionally formed 
at an after period aroimd 5. quintine, or the embryo-sac. By most 
botanists the nucleus and sac with its two integuments, are mentioned 
as the ordinary structure of the ovule. 

465. AH these parts are originally cellular. The nucleus and in- 
tegdfeents are united at the base of the ovule by a ceUulo-vascular 
membrane, called the chalaza (fig. 421 ch). Hiis is often coloured, of 
a denser texture than the surrounding tissue, and is traversed by fibro- 
vascular bundles, which come fix>m the placenta, in order to uoiuish 
the ovule.-- The failum indicates the organic base of tlie ovule, while tlie 
foramen marks its apex. When the ovule is so developed that the 
union between the primine, secundine, and nucleus with the chalaza, 
■is at the hilum or base (next the placenta), and the foramen is at the 
opposite extremity (figs. 417, 418), the ovule is {yrthatrapal, orthotro- 
pous or atropom {Mif, straight, and tjoVo?, mode, or », privative, and 
Tjsire), I turn). TOis is the state of an ovule when it first makes its 
appearance, and occasionally, as irfPolygonacete, it remains permanent. 
In such ovules, a straight fine drawn from the hilum to the foramen 
pass^ through their axes. 


Fig. 418,—Ovwle of Polygonum cymosuin at vaiious ages. «, Nucleus, tp, The outer integu¬ 
ment or, tprindne. Tlie inner intbcuxnent or aecuudine. ex, Kxostome or opening in the 
primine. ed. Endostomo or opening m the oeeundiue. 1 Ovule in ^ early state, when tlie 
nucleus is stiU naked, Ovule in second st^e, when the mtclens is covered at its hose hy 
the integument or secohdine miiy. 3. Ovule in the tiilrd stagey when the two Integu- 

meidlS^rpr&ini^and secundine, tonn a double covering, at the apex of which the nucleus stiil 
appQsiJ, 
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466. In general however, changes take place on tlie ovale, so that it 
deviates from the straight line. Thns it may be carved upon itsdf,^© 
that the foramen approaches to the hilum or placenta, and nhimately is 
placed close to it, while the chalaza is only slightly removed from the 
hiliim. This change4ep^ds apparently on the ovule increarang more on 
one dde than on the other, and as it were drawing the chalaza shghtly 
to one side of the hOom opposite to thatwhere the foramen is applied. 
Such ovtiles are called campyhtropal or campylotropous. (>teeftviiXos, 
curved), when the portions on either side of the line of curvation are 
unequal (fig. 419); or canptotropal {xecfirri;, curved), when they are 


s 
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equal (fig. 420). Curved ovules are found in Leguminosro, Cruciferse, 
suxd CaryophyllaceoB. The xmion between the parts of the curved por¬ 
tion usually becomes complete, but in some cases there is no imion, 
and the ovules are hcotropal, or horse-shoe shaped a hollow 

disk, aud T{on-of, mode or form). 



•121,1 421,2 421,3 421,4 421, S 


467. When in consequence of the increase on one side, the ovule is 
so changed that its apex or foramen j[fig. 421,4,»,) is in close apposition 

Fl.-r. 419.—Campylotropal or Campylotropoos ovule of the Stock. 1. Ovule entire. 2. Ovule 
t ut Icmgthwist^ / Funiculun or umbilical cord. Cy ChalaKa^ n. Nucleus, te, Primlne or outer 
covering?. Hy Sccnndlnc or inu^ covering; ex, Exostoine. ed, ISudostoma 

Fig. 420.—Carpel of Menispermum cahadense, with a curved or camptotropal ovule, o. /, ' 
Fnnicuhia. llie base of the style. 

Fig. 421.—Ovule of Chelidonium mnjus at diiferent stages of dcvelopxneint A, Hilum or nm • 
billcus. chy Chalaza. /, Funiculus or urabilicol «>rd. r, Itapho. n, Ndcleua H, Seoundloe. 
te, Prlmine. ed, Kndostome. ex, Exoetoiue. 1. First stage: nucleiui still naked. 2. Second 
stage: nutdeoB covered at Itii base by titio secundlna S. 'lliird stage: the primino develop^ 
and covering the secusdlne at its base. 4. Fourth stage: the ovule completely rejected, and 
Ita l^lnt turned downwarda & The same cat longitudinally, to show the relation of its different" 





IP W » rt fce opponte extreoi^ (fig. 4^1, 6 , e), then the ovule 
lorerted,'onatr'opal as cMrnptm (rftr«Tfifr«, I subvert), 
i ease (fig. 422), 1316 tmion of the chalaza, ch, with the nucleus^ 
B, is removed from the hitum, and the connection 
between the chalaSa and placenta is kept up bj a vas¬ 
cular cord, r; pasdng through the frmiculus, and called 
the raphe a line). The raphe often .forms a 

ridge along one ade of the ovule, and it is Usually 
on the side of the ovule next the placenta. Sooie 
look upon this kind of ovule as formed by an elongated 
ftmiculus (fig. 421, 5,/) folded along tW side of the 
ovule, and becoming adherent to it compeletely.; and 
supportrHhis view by the case of semi-anatropal ovules, 
where the funiculus is only, as it wctc, partiaUy 
attached along one side, becoming free in the middle; and alk) by cases 
where an anatropal ovule, by the separation of the funiculus from its 
side, becomes an orthotropal seed. 

468. The anatropous form of the ovule is of very common occurrence, 

and may probably aid hi the process of fertilizatioa Ovules which are 
at first orthotropous, as in Chelidonitun majus (fig. 421, 2), become 
often anatropous in the progress of development (fig. 421, 4). When 
the ovule is attached to the placenta, so that the hilum is in the middle, 
and the' foramen and chalaza at opposite ends, it becomes transverse, 
amphitrcpal or heterotropal around, diverse). 

469. The nucleus of the ovule becomes hoUowed at a particular part 
(fig 415 c), so as to form a cavity. Mirbel states that the whole nucleus . 

tiansfonned into a membrane called the tercine, lining the secundine, 
and. that in its interior another coveiing, the guartme, and finally, the 
Wib^o-sao, are produced. The view, however, generally adopted, is 
that me embiyO-sac is formed within the nucleus, assuming a greater 
or less size accordiug to circumstances, and in some instances reducing 
the nucleus to a mere external sac. In the interior of the embryo- 
sac, cellular layers are deposited from without inwards, the earlier 
ones probably forming the fugacious quartine of Mirbel. 

470. In the Misletoe there are two or three embryo-saos. The neck 

of the embryo-^G in Veronipa- and Euphrasia becomes elongated and 
swdlen,' and from it are developed certain cellular or fil^entous 
apTOndages, which are probably connected with the nutrition of the 
embryo. .S' 

. 471. The posititfifoT the ovule relative to the ovary varies. 'When 
th^ ie a single ovule, it may be Attached to the placenta at the base 
pf tlp.'ovaiy ^basdl placenta), following a straight direction, and being 


Flff 4tt.->Anatn^ufloy^eofDaii^ioh, cutTertically. Chalftza. r, Raphe. n^Kudeiis. 
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erect, as in EolygoiiaGeaB Conapoata (%, iSSy, orlt may be inserted ^ 

little above thp base, on a parieteJ giipenta, with the ape? np'irards (fig. 
424), and flien is called ftscendmg, S in Parietaria.- It may bang 
an aplcilar placenta at '^o summit of the ovaij, the apex being down- 
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fauil^ eaod^vto'or deimte nmaber of ovul» Hius, in the ovary 
of u^gOD^oiis plants (fig. 429), the ovules o, are attached to the 
iei;teDded mai^nal placed^ one above the other, forming usually two 

parallel rows corre^nding to each 
mai^n of the car^ When the 
ovules are definite (uniform and 
can be-counted), it is usual to find 
their attachment so constant as to 
afibrd good characters for natural 
orders. When the ovules are vbry 
numerous or mdefintie, whfle at 
the same time the placenta is not 
much developed, thdr position ex¬ 
hibits great variety, some being 
directed upwards, others dowhwards, 
others transversely (fig. 430), and their form is idtered by pressure 
into various polyhedral shapes. In such cases it frequently happens 
that some of the ovules are arrested in their development and become 
abortive. In Gryptogamous plants, in place of ovtdes there are cellu¬ 
lar bodies called spores, to whidi allusion will be made when the seed 
is considered. 



4.—FOKCTIOSS OF THE FOOBAL ENVELOPES. 

478. The bracts and calyx, when of a green colour, perform the 
same functions as leaves, giving off oxygen under the influence of light, 
and producing the carbonized substance called chlorophylle. They 
are consequently concerned in the assimilation of matters fitted for the 
nutrition of the flower, and they aid in protecting the central organs. 
The corolla, along with- the thalamus and disk, is ©mcemed rather 
with development than with respiration. Hence it does not in general 
produce chlorophylle, nor does it give off oxygen. It protects the 
essential organs, and ^minatcs carbonic acid by a process ai oxidation. 
The starch granules contained in it, as well as in the thalamus and 
disk, are not altered by the respiratoiy process, so as to become more 
highly carbonized, but are oxidized, so as to be converted into saccha^ 
Fine matter, ^e quantity of oxygen absorbed was determined by 
‘ Saussure.,. ff(Wound that double flowers absorbed less in proportion 
to their volume than single flowers; that the essential organs contained 
more oxygen t h an the floral envelopes; and that the greatest absorp¬ 
tion tobk place when the ^amens and pistil were mature. 
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474. The following ore some of Saussure’s experlmenis;— 



Dnratton of 
Name. Expeiinent 

Stock, single,.......24 hours. 

Stock, double,. — 

Tuberose, single,. — 

Tuberose, double,. — 

Indian Cri^s, single,. — 

Indian Cress, double,.... — 

Brugmansia orborea,. — 

Fassiflora serratifolia,... — 

Gourd, male flower.10 — 

Gourd, female,. 24 — 

Hibiscus speciosus,. 12 — 

Hypericum calycinum,.. 24 — 

Cobajs scandens,. — 

Arum italicnm,. — 

Typha latifulia. 

White lily,. 

Castanea vulgaris. 


Oxygen Conetzmed.- 
By nowen entile. 


11'5 times their voL 

7-7 - 

9- - 

7- 4 - 

8- 5 - 

7-25 - 

9- - 

18-5 - 

7-6 - 

3-5 - 

5‘4 - 

7-5 - 

6-5 - 


— 9-8 


9-1 


only. 

18' times their Tok 


16-3 


16- 

6- 3 
8'5 

7- 5 
30- 


47,5. While this oxidation is going on, carbon is pven ofP in the 
form of carbonic acid, and heat is developed by the combination between 
the oxygen and carbon. Experiments have been performed by La¬ 
marck, Schultz, Huber, Saussure, Brongniart, Vrolflc, and De Vriese, 
as to the amount of heat produced during flowering, especially by 
species of Arum, Caladium, and Ciolucasia. These are plants in which 
the flora] envelopes are nearly absent, while the essential organs, the 
torus and growing point, attain a Mgh degree of development, forming 
a spadix enclosed in a large spatha. No heat could be detected when 
the conflict of oxygen was prevented, either by putting the plants into 
other gases, or by covering the surface of the spadix with oiL The 
surface of the spadix is the part whence the heat was chiefly evolved. 
The Arum cordifolium occasionally had a temperature 20° or 30° above 
that of the surroimding air; Arum maculatum 17° to 20°; and Arum 
Dracunculus and other species stiU higher. The following observations 
were made by Brongniart on the spadix of Colocasia odora. The spathe 
opened on the 14th of March; the discharge of pollen commenced on 
the 1 Gth, and continued till ^e 18th. Ihe maximiw tempemture 
ooeiured at different hours. • * 



Maximum. 

Temperature 
above the Air. 


Maxiraum. 

Temperature 
above the Atr. 

I4th March. 

3 P.K. 

4-5" Cent. 

17th March, 

5 P.M. 

11*0® Cent. 

15th _ 

4 — 

10'0° 

18th — 

11 A.M. 

8'2° 

16 th — 

5 — 

10-2° 

19th — 

10 — 

2'S° 


476. Vrolik and De Vriese made a series of observations onllie 
















)p«ve resnits for eveey half hour. The fol- 



.Tenomtoxe 
of Flsat,. 

Temperetare 
. rfAlr. 

Hoot. 

Temporohirc 

ofmnt. 

Temneniturc 
of Air. 


. 20‘6a Cent 

I8-3" Cent. 

3 

2.5-0O Cent. 

15‘Co Cent 

IS'-:?/ 

21-1 — ’ 

18-7 — 

3-30 

24-4 — 

150 — 

ia-30 

: 23-3 — 

19-4 — 

4 

23-3 - 

160 — 

1 

24-4 — 

19-4 — 

5 

22-2 — 

18-7 — 

1-30 

24-4 — 

18-9 — 

6 

210 ^ 

18-7 — 

S'" ' 

36-6 — 

17-2 — 

7 

200 — 

18-7 — 

S-30: 

26-5 — 

15-8 — 



' 


Ihe greatest amount of heat observed was at 2-30 P.K., when it was 
10'9® above the temperature of the air. On the previous day Ihe maxi¬ 
mum occurred at 3 p.m., and on the foEowing day at 1, but then it 
was only 8'2° above that of the air. DeoandpUe states that at Mont¬ 
pelier, Arum itaHcum attained the maximum of temperature about 0 
P.K. Saussure observed similar phenomena, but to a less extent, in 
the GfOurd, where the temperature varied fom 1’8® to 3‘6®; also in 
Bignonia radicans, from 0'9” to 8°. From all these experiments, it 
W(^d iq>pear that in the Aracero and some other plants, especially at 
the period when the essential organs reach maturity, there is a produc- 
tipn of heat, which increases during the performance of their functions, 
Ptaining a daily maximum, and ultimately declining. 

477, WhEe these changes are taking place, the starch is converted 
into dextrine, and ultimately into grape-sugar, which, being soluble, 
CMT be immediately applied to the purposes of the plant. The honey¬ 
like matter thus farmed is stored up frequently at the base of the 
petals, in Ettle pits or nectaries, as in FritiUary, Asarum, &c. It is 
considmed by Vaucher mid others as performing an importairtloffice in 
fertilization, covering the stigma, and aiding in the dis^rsion and rup¬ 
ture of the poEen-grains. Bees and other insects, in coEecting the 
saccharine matter, also scatter the poEen. 

,j478. Flowering takes place usuaEy at a definite period of the plant’s 
e^tence. It requires a considerable amount of nutrient»niatter, and 
occurrence is accompanied with a greater or less exhaustion of the 
^assimEated products. Hence, a certain degree of accumulation of sap 
iseems necessary in order that flowering may proceed. Annual plants 
iffe so e^austtt after flowering as 4o £e; but, by retarding the epoch 
Iftr ^two or more years, as by nipping off the flower-buds, time is 
^ji^wed for accumulating sap; the stems, from being herbaceous, be- 
' flmife tlffubby, and sometim^ as in the Tree-Mignonette, they may be 
Jmadeitb live and flen^ihr several years. Perennial plants, by the 
retards)^ of flowering, are Enabled to accumulate a greater amount 
nutzkive matter, and thus to withstand the exhaustion. Many cul¬ 
tivated jflants, whi^ lay up a large ttore of nutriment in the form of 
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staicb, lose it when the plants &6ot out a 

seen in the case of Carrots and Turnips, in which the «aecnl^.i0^.i 
become, fibrous and unfit for food when the plants are allowed to rn^t 
to seed. The receptacle of the Artichoke, and many CompositBs, which 
is succulent before the expansion of the flowers, becomes dry as the 
process of flowering proceeds. The juices of plants then, when re¬ 
quired for the purpose rather of food or medicine, ought in general to 
be collected immediately before flowering. 

479. By cutting a ring out of the bark of trees, and thus retarding 
the descent of the sap, the period of flowering is sometimes hastened. 
Again, when the period of flowering is long delayed, either naturally, 
as in Agave and several' palms, or artifidally, the process, when it does 
begin, proceeds with amazing rapidity and 'vigour. In such cases this 
'vigorous flo-wering is often followed by the death of the plant. Bichard 
mentions, that a plant of Agave, which had not flowered for nearly a 
century, sent out a flowering stem of 22i feet in 87 days, increasing at 
one period at the rate of one foot a day. Common fruit trees, when 
they begin to flower, often do so luxuriantly; but if, fi:om the season 
being bad, there is a deficiency in flowering, it fi'equently happens that, 
fium the accumulation of sap, the next year’s produce is abundant. 

480. If plants are allowed to send out their roots very extensively' 
in higlfly nutritive soil, the tendency is to produce branches and leaves 
rather than flowers. In such cases, cuttmg the roots or pruning the 
young twigs may act beneficially in checking the vegetative functions. 
In pruning, the yoimg shoot is removed, and the buds connected 'with 
the branch of tlie previous year are left, which thus receive accumu¬ 
lated nourisliment Grafting, by gi'ving an increase of assimilated 
matter to the scion or graft (see section on Fruiting), and at the same 
time cliecking luxuriant branching, contributes to Ae hastening of the 
flowering. 

481. 'fhe period of flowering of the same plant varies at difierent 
8easonr,‘.and in difierent countries. During the winter in temperate 
climates, and during the dry season in the tropics, the vegetative p|p- 
cess is checl|ed, more especially by the diminished supply of moisture, 
and the arrestment of the circulation of the sap. The assimilated 
matter remains in a state of repose, ready to be applied to the purposes 
of the plant when the moisture and heat again stim-ulate the vegetable 
functions. This stimulation ocrans at difierent prai^ of the yea, 
iwcording to the nature of the climate. By observing the mode of; 
flowering of the same species of plant in successive years, oondusions; 
may be drawn as to the nature of the seasons in a botmtry; and by,' 
contrasting these periods in different countries, comparisons may 
instituted as to the nature of their climate. ’ Thus valuable floE^'-; 
calendars may be constructed. 

482. Plants are accommodated to the climate in which they grow, / 
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and floirer irt certain seatons; and even when transferred to olher 
dibiates where the seasons are reversed, thej still hare a tendent^ to 
flowOT at their accustomed period of .the year. Again, in the same 
climate, some individuals of a ^ecies, from a peculiar idiosyncrasy, 
zegulaily flower earlier than others. DecandoUe 'mentions a horse- 
chestnut at Geneva, which flowered always a month before the rest in 
the neighbourhood. From such individu^, by propagation, gardeners 
are able to produce early-flowering varieties. 

483. There is a perio^city in the hours of the day at which some 
species open their flowers. Some expand early, some at mid-day, 
others in the evening. The flowers of Succory open at 8 a.m., and 
close at 4 p.m. ; those of Tragopogon porrifolius, or Salsafy, close about 
-mid-day. Linn®us constructed a floral dock or watch, in which the 
different hours were marked by the expansion of certain flowers. The 
periods, however, do not seem to be always so regular as he remarked 
them at UpsaL The following axe a few of these horologioal flowers, 
with their hours of opening:— 


j^mcea Nil,. 

Tragopogon pratensc,. 

Faparer nndicaole,..... 

Hypocbffirifi macnlata,. 

"VariooB species of Sonchus and Hieracium. 

Iiactnca satira,. 

Specnlaria Specnlnm,. 

Calendula pluvialis,. 

Anagallis arvensis....... 

Nolana prostrata. 

Calendula arvensis. 

Aienaria rubra,. 

Mcsembiyantbemnm nodiflurum,. 

Ornitbogalum umbeilntum QDame cCome /ieures% 

Various Mcoideons plants. 

Scilla pomeridiana,... 

^ene noctiflora,... 

OBnothera biennis,.. 

Mirabiiis Jalapa,. 

Cereils grandi&orns,.. 


.... 3 to 4 A.M. 

.... 4 ... 5 — 

.... 5 — 

.... 6 — 

.... 6 ... 7 — 

.... 7 — 

7 ... 8 — 

.... 8 — 

.... 8 ... 9 — 

.. . 9 — 

.... 9 ...10 — 

....10 ...11 — 
,...11 — 

....12 — 

.... 2 r.M. 

.... 5 ... 6 — 

.... 6 

... 6 ... 7 ~ 

... 7 ..»8 — 


484. Plants which expand their flowers in the evening, as some 
species of Hespeiis, Pdargonium, &c., were called by linnseus plantce 
tristes on that aiocount. Several spedes of Cooperia and of Cereus, also 
Sceptranthus Dmmmondii, are nocturnal flowers. Some flowers open 
and decay in a day, and are called ephemeral, others continue to open and 
dose for several days before withering. The corolla usnaUy be^s to 
fede after fecundation has been effected. Many flowers, or heads of 
flowers, do not open during douity or rainy weather, and have been 
called meteoric. Composite plants frequently-exhibit this phenomenon, 
and it^has been remarked in Anagallis arvensis, which h^ hence been 
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denomioated the “poor man’s weather-glasa.” The dosing of many 
flowers in such circvunstonces protects the pollen from the injiuioas 
efiects of moisture. 

485. The expansion and dosing of flowers is regulated by light and 
moisture, and a^o by a certain law of pexiodidly. A plant accustomed 
to flower in day-light at a cerUdn time, will continue to expand its 
flowers at the wonted period, even when kept in a dark room. De- 
candolle made a series of experiments on the frowering of plants kept 
in darkness, and in a ceUar %hted by lamps. HelFotmd that the law 
of periodidty continued to operate for a considerable time, and that 
in artiflcial light some flowers opened, while others, such as species 
of Convolvulus, still followed the dock hours in their opening and 
dosing. 

486. Light has been said also to have an cflTect on the direction which 
flowers assume. Some Composite, as Hypochseris radicata and Apar- 
gia autumnalis, are stated by Henslow to have been seen in meadows, 
where they abound, inclining their flowers towards the quarto* of the 
heavens in which the sim is shining. A similar statement has been 
made regarding the Sun-flower, but it has not been confirmed in this 
coimtry at least. Perhaps in its native dime, where the effect of the 
sun’s rays is greater, the phenomenon alluded to may be observable. 
Vauchcr mentions the effects of light on the direction of the flowers of 
many plants, as Narcissuses and certain species of Melampyrum. 

487. It is of importance, both as regards meteorology and botanical 
geography, that observations should be made carefrmy on what are 
called the annual and diurnal periods of plants: the former being the 
space of time computed between two successive returns of the leaves, 
the flowers, and the fruit; and the latter, the return of the hour of the 
day at which certain species of flowers open. The same species should 
be sdected in different localities, and care shoTild be t^en that the 
plants arc such as have determinate periods of flowering. Rules as 
to the mode of observing periodical phenomena in plants have been 
drawn up by the British Association, and a committee has been ap¬ 
pointed to carry this into effect. The committee has published (1.) a 
list of plants to be observed for the periods of foliation and defolia¬ 
tion ; (2.) a list of plants to be noticed for flowering and ripening of 
the frm^ (3.) a list of plants to be observed at the vernal and autum¬ 
nal equinoxes, and summer solstice, for the hours of opening and closing 
their flowers. 

6.—FimCTIONS OF THE STAMENS ABD PIBTIli—PEETIUZATIOJI OR FBCtmOlTION. 

488. The stamens and pistil are called the Essential Organs of 
flowering plants, inasmuch as without them reproduction cannot be 
effected. The stamens, considered as the male organs, prep^ the 
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poUen, 'which is discharged by^the dehiscence of .the anthet. Ihe 
prtil, or the female organ, is pronded- with a secreting surfiuse or 
stignia, to which Ithe pollen is aj^lied in order that the oruies coa- 
in the ovary may be fertilized. , - 

4S9< The existence of separate sexes in plants appears to have been 
conjectured in early times, as shown by the'means ^en for perfecting 
the fruit of the Date Palm. In this pahn, the stamens and postils are 
on separate plants; and the Egyptians were in the habit of applying 
the sterile flowers m those in which the rudiments of the frxdt appeared, 
in order that perfect dates might be produced. This practice appears 
to have been empirical, and not founded on correct notions as to the 
piarts of' the plant concerned in the process. In the case of the £lg, 
they were in the habit of bringing wild figs in contact with the culti¬ 
vated ones, on the erroneous supposition that a similar result was pro¬ 
duce! as in the case of the Date, proving that the^ were not aware of 
tile flict, that in the Fig there are stamens and pistils present on the 
same receptacle. The efiect produced by the wild figs, or the process 
of ceqitificcition (paprificus, a wild fig-tree), as it was called, seems to 
dCTenj| on the presence of a ^edes of Cynips, which punctures the 
And causes an acceleration in ripening. The presence of sexual 
in plants was first shown in 1676, by Sir Thomas Millington, 
and it was afterwards confirmed by Grew, Malpighi, and Eay. Lin- 
neus made it the basis of his artifi<^ system of d^slfication. 

490. Numerous proofs have been given of the functions o£ the sta¬ 
mens and pistils, especially in the case of plants where these organs are 
iti separate flowers, either on the same or on different plants. Thus, a 
pistilliferous specimen of Palm (Chamserops hmnilis), in the Leyden 
Botanic Garden, which had long been unproductive, was made to pro¬ 
duce fruit by shaking over it the pollen from a staminiferous specimen. 
The same experiment has on several occasions been performed in the 
Eotanic Garden at Edinburgh, and the fruit thus ripened has furnished 
seeds which have germinated. Similar results were observed in the 
case of the Ktcher plant. In Cucumbers, when the staminiferous 
flovters are removed, no perfect fimit is formed. Eemoving the sta¬ 
mens in the very early state of the flower, before the poUen is perfectly 
formed, prevents fertilization. Care must be taken, in all such experi¬ 
ments, tW'poUen is not wafted to the pistil from other plants in the 
neighbourhood, and the result must be put to the test by the germina¬ 
tion of the seed; in some instances, the fruit enlarges independently of 
the iqpplication of the pollen, without, however, containiag perfect seed. 
Thus, a species of Carica was fertilized by the application of poEen, and 
produced perfect fruit-and seed, and it continu^ for at least one year 
afterwajqde to - have' large. and apparently perfect fimit, but the ovules 
were ajiortiva. 

; 4%. Some'authors maintain, that in ihe case of Hemp, Lychnis 
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(Uoica, and a ’called Goelebtogyne, perfect seeds have been pro¬ 

duced withoTit the iijJIueii*!® of any substance equivalmt to pollen) btit 
these statenreats have not as yet been confirmed. 'On the contrary, 
in Phanerogamus or flowering plants, all experiments lead to the con¬ 
clusion that there are chstmet sexdal organs. 

492. In Ciyptogamous or flowerless plants, considerable doubts have 

been entertained" sas t6 the existence of such organs. There seem 
to be in this case: .cells of diflferent ^ds, which reouire to be brought 
into contact ih order that spores (which are equivil^t to seeds) may 
be produced. These reproductive cells are of two kmds, and they 
are situated either together or apart, on the same or. 'on different 
individuals. One of these is the Antheridium, a cellular body contain¬ 
ing granular matter, and Phytozoa (pi/tok, a plant, and f«oV, living), 
or minute bodies which exhibit movements; the other is the Pistilli-r. 
dium or Arckegonhm begtnning, and yotot, ofispring), containing 

spores which germinate, and which are some¬ 
times provided with cilia (figs. 431—434), 
so as to become Zoospores (pair, living, and 
ffTOf a seed or spore), or movmg spores. The 
contact of the i^theridium and FistUlidium 
is by many considered as necessary for the fer¬ 
tilization of the spore. In other cases, as in 
Conferv® and Diatomace®, there is a tmion of 
the cells of the plant by conjugation, so as to 
produce germinating bodies. In these cases, 
the contents of one, cell pass, by the ibrmation 
of a tube, into the other. In Zygnema, this 
conjugation gives rise to germinating bo(hes in 
the interior of one of the cells of the plant; in Diatomacese, on the 
outide of the cells. 

493. The union of two kinds of endochrome (Ivio*, within, and 
colour), or of two kinds of coloured particles, appears in these plmts 
to give rise to the sporangium or spore-case, and the spore. Smne- 
times the two kinds of * endochrome are in separate plants, as already 
noticed, and then conjugation unites tiiem, and causes a mixture of the 
endochrome; while in Meloseira, &c., the different kinds are apparentiy 
situated in different parts of the same cell, and movements t^e place 
towards the centre, by which theirwnion is effected and a spore ]^o- 
duoed. In Ferns, Mosses, &c., there have been detected separate cel¬ 
lular bodies, the union of which is considered necessary for the perfec¬ 
tion of the spores. In many Ciyptogamic plants, besides tiiis kind of 

Fig. 431*~434.->SpOTeH Of different ^ 

Fig. 431.->Spores of a Conferva^ with two vibratlle cilia. 

. Fig. 482,-»-Spore of a Ch£Ctoph(^ with four cilia. - 
Fig. 430.->-Spore o£a Proli&ra, witli a circle of cilia.’ 

Fig. 431.-^pore of a Vaucheria, covered with cUi&. , 
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re|ixodu<;tion, there is also a formation of new ceUs by a constant 
process of assiparoos or merismatic division (T 24), which may be 
considered as analogous to the formation of buds, and which per¬ 
haps depends on certain changes similar to fecundation going on in 
the interior. 

494. In flowering plants, various provisions are made for insuring 
the application of the pollen to the stigma. The comparative length 
of the .stamens and pistils, their petition, and the dehiscence of the 
anthers, are all re'g^ted with this view. The existence of spiral cells 
m the endothecium has reference apparently to the bursting of the 
anther, and tiie scattering of the pollen. The number of pollen-grains 
produced is also very great. Hassall says that a single hc^ of Dande¬ 
lion produces upwards of 240,000, each stamen of a Paoony 21,000, a 
Bulrush 144 grains by weight. It has l>een stated, that a single plmt 
of Wisteria sinensis produced 6,750,000 stamens, and these, if perfect, 
would have contained 27,000,000,000 pollen-grains.* In the case 
of Evergreens, such as Firs, the quantity of pollen is enormous, 
apparently to insure its application notwithstanding the presence of 
leaves. The pollen from pine forests has been wAed by the winds 
to a great distance, and is said to have fallen on the ground like a 
shower of sulphur. 

495» The quantity of pollen required for impregnation varies. 
Eiotireuter says, that from fifty to sixty grains of the pollen of Hibiscus 
Frionum are required to fecundate the Iruit completely, containing 
about thirty ovules. The ovary of Nicotiana, Datura, Lychnis, and 
Dianthus, according to Gasrtner, may be completely fertiliJed by the 
pollen of a tingle perfect anther. In Gemn, from eight to ten 
anthers, out of eighty-four to ninety-six contained in each flower, are 
mflicie^to fertilize from eighty to one hrmdred and thirty ovules 
contaiiw in the ovary. 

496.'%In many trees in which the organs of reproduction are in 
leparati^flowers (as Hazel and Willow), the leaves arc not produced 
lintil fertilization has been effected. The protection of the pollen from 
the direct influence of moisture, is effected by the closing of the flt)w- 
prs, by the elasticity of the anther-coat only conung into play in dry 
weather; and in aquatics, either by a peculiar covering, as in Zostcra, 
or by the flowers being developed above water, as in Njunphsea, Lo¬ 
belia, Stratiotes, and Hottonia. Irs-VaUisneria spiralis, a plant growing 


* llie following eetlmate was amount of flowers, stamens, &c., in a ^gle specimen 

7f Wisteslaeiiiensls:— 

Numberof clusters of 9,000 

. indlviduial Flowers,.. 676,000 

--Petals,. 8,375,000 

Stamens,... ^750,000 

, --—:-Ovules,.4,050,000 . 

FW tljfcarooflb ^if/ertiliaing tiiesc omlea, ttie anthers, if perfect, would hove contained about 
.OO OPftOO O poBen^gratna, or about 7000 grains to each ovule. 
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in die mod of ditches, the stamiiiiferous plants are detached from th6 
soil, float on the sur&ce of the -water, and produce there flowers and 
pollen; while the pistilliferous plants send up a long peduncle {% 
228), which accommodates itself to the depth of the water by being 
spiral, and bears on its summit the flower with the pistil By this 
means the two organs are brought into contact, and fertilization is 
effected. Lagarosiphon muscoides, an aquatic plant from Africa, shows 
similar phenomena in regard to impregnation as are seen in Vallis- 
neria. When continued wet weather comes on after the pollen has 
been matured, and has begun to bo discharged, it often happens that 
little or no fruit is produced. In flowers where the anthers burst in 
succession, the injury done by moisture is less likely to eirtend to aU. 

497. In some plants the stamens, at a certain period of their develop¬ 
ment, fiiove towsuds the pistil, so as to scatter the contents of the anther. 
In Parnassia palustris and Kue, they do so in succession. In Kalmia, 
the anthers are contained in little sacs or pouches of the corolla, until 
the poUen is mature, and when the expansion of the corolla, and the 
elasticity of the filament,, combine to liberate them, they spring towards 
the pistd with a jerk. In Parietaria oflicinalis, and in the Nettle, the 
spiral filament is kept in a folded state until the sepals expand, and 
then it rises with elastic force and scatters the pollen. Similar pheno¬ 
mena are observed in the Comus canadensis. In the various spedies 
of Barberry, the inner and lower part of the filament is irritable, and 
when touched it causes the stamen to move towards the pistil This 
bikes place naturally when the anther is ripe, and the incurved valves 
covered witli poUen are ready to be applied to the stigma. The species 
of Stylidium have their anthers and stigma seated on a column, the 
base of which is slightly swollen and irritable. When a stimulus is 
applied, tins column pa.sses with considerable force from one side of 
the flower to the other, rupturing the anther-lobes, and thus aiding in 
fertilization. 

498. In certain plants the agency of insocte is employed to ensure 
fecmidation. In species of Aiistolochia, the tube of the calyx com¬ 
pletely encloses tlie organs of reproduction, and the stamens are placed 
below the stigma, so that the pollen can neither be applied directly, 
nor be carried by the winds. These plants are said to be frequented 
by insects, which enter the tubes and reach the httle chamber at the 
bM'^, with the -view of collecting saccharine matter. The dfeflexed 
hairs in the interior of the tube prevent thdr escape, mid in their 
movements they apply the poUon to the stigma. When this is accom¬ 
plished, the flower withers, and the insects escape. Orchidaceous 
plante have remarkable flowers, which resemble bees, flies, spiders, 
and in general the insects'of the country in which they grow. They 
also contain a large quantity of honey-like matter connected with the 
essential organs, which attract insects. These insects, in searching for . 
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twlhe polte; masses, which aiw easily imoved ^m the 
'i 0 ^ the the ooltuun on 'which they are pkced, and 

ly ji^ oh the stigmatio sur&ce. Bees and aphides may, 
instancet, oontnbute.to the process of fertilization. ^ 

_ 499. While the pollen is being elaborated, the stigma is also nnder- 
changes. It secretes a viscid ihatter ready to detain the poUen- 
; mhuBS when they axe discharged. This secretion was represented by 
&. Aldridge to be, in some cases, add; but it seems more generally 
be of a mncha^ous or saccharine nature. Yaucher tlunks that 
"Ihe, nectariferous flnid usually found in the flower spreads itself over 
stigma, and that it is sometimes instrumental - in conveying the 
pcmen-grains. hi Gk>ldfus8ia or Buellia anisophylla, and the spedes 
Canmamfla, as media, Bapunculoides, and Thachelinm, the style is 
j^jhvhred with collecting hairs, which appear to aid in the application 
^>ime pdi^ ^In theflrst-mentioned plant, aremarkable curvationof 
ihh sfyle takes place, so as to make the stigma come into contact with 
the hairs. . In Campanula, the hairs on the upper part of tlic style 
se<^ to collect the pollen, and allow it to be applied to the re volute 
hnJaa^S of Safy stigma. In this genus the ^le is at first slightly 
looget'i'than the stamens, ^t it soon becomes twice their length, and 
its elongation, the hairs upon it brush the poUen-grauis out of 
cases, and thus raise them into a position where they can 
!%^ti^ed ultimately to the stigmatic surface. The stigma consists of 
'^iTO^Ptidiohes, which are at.first erect, but afterwards, by changes in 
Tthe c^ls, bcc^e completdy revolute, so as to come into contact with 
the hairs, . ^^r the hairs nave performed their office, thdr fine inner 
membrane cdS^tses by n process of eudosmose, and the stffi outer 
I’membrane is drawn inward, so as to retire within its cell. Aflcr the 
reaohM the stigma; changes take place in it, by which the fovilla 
cfc^Oteined in the intiue of the grains is allowed to escape. This fovilla 
coziBists of mmnte molecules t^ibiting certain movements, which by 
aoihe have been considered andogous to those of phytozoa in Ciypto- 
gamk plants, ■nr spermatozoa in the animal kingdcon. Others look 
upon these motions as entirely molecular. 

5O0.^The length of time during which the pollen retains its vitality, 
PO’Skt of effecting fertilization, varies in different plants. Acoord- 
^hife.to^tertn® and others, the poUen of some spedes of Nicotiana 
vitality only for forty-dght hours; pollen of various spedes 
twb days; .pollen of Dianthns CaryophyUus, three days; 
Lobelia splendens, dght or nine days; pollen of Cbeiranthus 
\lhd^ fourteen days; pollen of Orchis abortiva, two months; poUen of’ 
’Can^d}i^^ one year; pollen of Date Palm, one year or more. Michanx 
' in some Fdms, as Date and Ghamdrops humilis, the pollen 
applied sucoessfoUy after having been careftdly k^t for 
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&6m tiEke anthers; tod the finto it is, the more qukMjit loses w 
fecundating property. ■ ‘ , • 

591- TkMrtM arBalirreiegr^—So &F as the appHcatkm of the poll^ 
to the stignm is concerned, the process of {erti]^tion can be «id]y 
traced, but the changes which are subsequently produced to the poUen* 
grain and the ovule are* very obscure, require minute nricrbsoojab 
research, and have led to numerous conflicting theories of Umbtyolo^, 
It has bem already stated, that some physiolo^ts, espedally Bemha^ 
believe, that in the case of Hemp, Lychnis dioica, and some other 
plants, an embryo, or young plmt, can be produced without the in¬ 
fluence of the pollen. These views have not been ccmfirm'ecL It & 
been supposed that in such plants as Hemp, where the stamens and 
pistil are ^erally on separate individuals, there may oecarionally oochr 
instances in which they are developed on the same plant. It is kncrto 
that this takes place in other cases. Thus, a specimen of 
humilis, or European Fan-palm, in the Botanic Garden of Effinbuim, 
which had for upwards of twenly years shown pistilliferous fioTOBt^qi^, 
exhibited, in 1847, both pistilh&rous and staminiferous dustii^* ^dr 
produced perfect fruit without an artificial applicatian (if pollenl 
in Dioecious plants growing in the open air, the pollen may be caii^ 
fix)m other plants by the wind, and thus p^uce perfect seed. Ih^ 
are thus numerous sources of fidlacy in Bemhardi’s, observations; ,aad‘» 
Gsertner’s recent experiments seem to prove that Hmto is no,exoqptibn 
to the ordina^ rule. Some, on the supporition of me|Corre(itnfSB (;d 
Bemhardi’s views, have thought that the case might be a^pgoui th thto 
of some Aphides, where one impregnation is sufiicient totoxiduce sevend 
generations. Mr. Smith has recently stated, that a' mihale plant 
Coelebogyne, belonging to the natural order of EuphorlaaccsB, produced 
perfect seeds in the garden at Kew, without' any apparent ccmtact of; 
pollen; and Gasparrini maintains, that in the case of the cultivated '' 
Fig, the seeds are the product of pistillate flowers only. Siich case^ 
if proved, will modify the views entertained relative tp the aotiem. tor 
pollen. Can it be that, as in the case of some Clyptogamics, lh^!w*s 
in these anomalous cases two kinds of cells present in the samd 0)l®;toj^ 
some with fertilizing matter, and others containing the rudifiijiida 
ovul(js,. or of the embryo ? 

602, The subject of Embryology, or the development <jf thAMdkljbr 
in the seed, has attracted much attention oflate, tod numerous 
have been advan(%d. There are many disenreptocn^ as to thfiOOntoi^ 
of the ovule before impregnation; some maintaining tlmt the edyify ^ 
the nucleus, or the embryo-sac alone, b developed befijre ffie; pouto 
M applito; others, that brides it there b a utrio^ to vesiri^ hstifil 
mtenor, which 'forms the first embryonic oelL C(he tubes 

* It bas done ao also In 184S. 

B 
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«itfa l3ie OTOk, are by some said to be derived from the pollen; b 7 
from the ovule itself; and by a third set, from the conducting 
tiamB of the style. 

5^' Some maintain that the pollen-grains bnist on the stigma, and 
scatter the fiwilla directly upon it, the mflv/eiu»<& which is conveyed by 
dw conducting tissue to the ovule. Hartig seems to adopt this view 
m some cases, as well as Gaspanini, who, from observations on the 
Orange-tree and Cytinus, thin^ that, as the result of this influence, 
a filament or cellular prolongation is sent fium the lower extremity of 

the style into the ovule. Almost all 
modem physiologists discard this view, 
and^elieve in the formation of pollen- 
tubes, which were so ably demonstrated 
by Brown in Orchidacese and Aisele- 
piadaceffi, and have subsequently been 
. shown by Schleiden, Amici, Brongniart, 
Mcyen, Mohl, Mulder, Grifiith, and 
others. These tubes, which vary in 
size, being often about inch in 
diameter, may be easily traced in many 
instances, after the pollen has lain for a 
few hours on the stigma; for instance, 
in Crocus, Salvia, Colocasia odora, Ges- 
nera, QSnothera and Antirrhinum (fig. 
434 bis). When an ovaiy, style, and 
stigma arc present, the tubes pass into 
the conducting tissue, while in the case 
of naked ovules, as in Conifer® and 
Cycadace®, the poUen comes into 
***** dmect contact with the foramen. 

604 The extent to which the tul^ penetrate, and the mode in 
whiA thmr gpve rise to the embryo, are matters of dispute. It is 
msantained by some, that the tubes formed by the intine proceed only 
to a certain metent down the style before rupturing to ^soharge the 
that the influence of the latter is subsequently conveyed to 
f-ifte ovule by the conducting tissue, and thus causes the formation of 
an embryo. Mirbel and Spach, fium observations made on Gramine®, 
Of JSea Mais, and on the Yew and^bther Conifer®, have been led to 
VWfort this view. They believe that the tube does not reach the 
a primary utside or vesicle (the first part of the embryo) 
;^Xii^ini the ernbryo-s^ or cavity of the nucleus, before fertilization, 

' -.lis. SSSSu.—Portiaitortlie atlgsui of Xatlrrhlnura nujns at the time of fbcnndatlon. pt,pt, 
iSBimUlal m1i« firnnlns the paptUie. tc, tc. Deep elongated crllndrical cells forming the con- 
jartfaig assoe. fp, Oralns it poUen attached to the mr&ce of the stigma, the exnne haring 
. teen raptured, and the Intlne inntmaed in the form of tulies, tp, tp, which pieree the intentioes 
'tetwqHi the lupotflelal stlgmatlc cells. 
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and that the fovilla is the means of determining the future developm^it' 
of an embryo in it. This utride is attached to the embryo by a ocular 
process, or su^ensor, Giraud entertains the same opinion, founded 
on an examination of the ovule of Tropseolum m^us. In ibis plant 
he traces the formation of the amniotic or embryo-saoj* and primary 
utride or germinal veside of the embryo, before impregnation, the 
latter being at first distinot from the sac, Wt subsequendy attached to 
it by a suspensor; the fovilla is brought into contact with the outer 
surrace of the embryo-sac, and the first trace of the ranbryo appears in 
the formation of a spherical body at the inferior extremity of the pri¬ 
mary utride,—^this spherical body resulting fix)m a peouh^ process of 
nutrition, determined by the dynamic influence of the foviUa. Gimud 
also observed a lengthening of the primary utride and of its suspfflisor, 
so as to protrude through the apex of the embryo-sac the nudeus and 
the foramen, forming c^ which partly commumcate with the conduct¬ 
ing tissue, and partly passed round the ovule within the caipellaiy 
cavity. By slight traction of this cellular process, the suspensor with, 
the embryo may be drawn from the embryo-sac throu^ the exos- 
tom& 

505. Hmtig thinks that in some cases, where the pdien-feabe 

cannot be traced directly downwards to the ovule, there is a series 
of cells which, from their continuity, might be mistaken for it. In. 
some recent observations on Campanula rotundifolia, Wilson appears 
to think that the pollen-tube is prolonged into the foramen of the 
ovule. Dickie has noticed, in Narthedum ossifragum, and Euphrasia 
officinalis and Odontites, a cellular process proceeding upwards from 
tlie ovule into the style, which he thinks may unite'with the pollen- 
tube. Through Dr. Dickie’s kindness, I have had an opportunity of 
seeing these ovule tubes, which appear to end in shut exfremities, and 
not to have a direct communication with the poUen-tubes. These tubes 
(less than of an inch in diameter) have been traced by him from 

the interior of the embryo-sac. They are probably derived from tie 
embryo itself which, in its early state, may send out tubular prolonga¬ 
tions similar to those of the spores of Cryptogamic plants. Tubular 
prolongations from the ovule were long ago noticed by Mirbel, and of 
late years-by Griffith and Hartig. Ibese authors, however, seem to 
differ from Dickie, in supposing that the tubes are derived fiwm the 
embryo-sac, or some of the coverfiigs of the ovule. 

506. Another, or what may be railed a third view of impregnation, 
is, that the pollen-tube does not stop short in the style, but proceeds 
as &r as the foramen of the ovule, enters it^ and is applied to rite,: 
embryo-sac. In the case of the Misletoe, where there are no coverii^ J 
of the ovule, and consequently no foramen, the pollen reaches Ifie j 
nucleus directly. Meyen, Amici, 'Mohl, Miflder, and 

in fovouf of this theoiy. Meyen states, that after the poIleQ-tabe 



&e ovtde, is ^fonn tX^ atldt sac, the process of 
sbsorpfiloa goes on so & to aHow &e fonlla to reach the embryo-sac. 
Immediately thereafter, a development of cells takes place in the form 
of a^baa^^longntion or suspensor, at the extremity of whidi the 
oibi^, m the form of a globnlar cell, is dSyeldped. ^e free com- 
nucmi^tum between the pollen-tube and the embtyo-sac ceases after 
n tiine j a oonteiction takes place by the formation of a diagonal sep¬ 
tum, and the poSen-tube eimer shnyels or continues for some time 
adherent to the sac. 

507. Amici also believes that the pollen-tube is applied to the sac 
of the embi^o. He observes in the nucleus a large cavity, which he 
has called the embryonic vesicle (fig. 435 c). In Cucurbita Pepo and 
Qrchidacese, he traces ihe tube to a certain depth into the nucleus, 
and he believes that the granular contents of the tube, which are 
accumulated at the extremity, are absorbed by the embryonic vesicle, 
so as to effect impregnation. Cells are then produced in the vesicle, 
commencing at the base, i.e. opposite to the 
part where the poUen-tube exerts its influence. 
The vesicle becomes fiill of granular matter; it 
then exhibits a contraction in the middle, the 
lower part becoming appropriated to the em¬ 
bryo, and forming the true embryo-sac, while 
the upper part, in such plants as Orchis Morio 
and mascula, elongates upwards (fig. 435 e), 
forming a compound filament, composed of cells 
with fluid contents. This filament traverses 
in an inverse manner the course followed by the 
poUen-tube, and passes into the interior of the 
plac^ta, being quite distinct fkim the pollen- 
tube, and probably' connected in some way 
witii the nutrition of the embryo. Sometimes the poUen-tubo re¬ 
mains aftur the embryo has multiplied its ceDs. Hartig thinks that, in 
. diferent instances, the mode of impregnation is difierent. Thus he 
that the true pollen-tube comes into contact with the ovule 
■fiat^onSeras, that in some*.CrucifersB the tubes in connection with the 
derived from the conducting tissue of the style, as main- 
''iained jby Gaspanini, white, in certain Cupuliferse, tubes proceed 
ftum s^e part of the ovule itself. " 

'ftQiSs, A ujurth theory is, that the poEen-tube (fig. 436 p t), after 
ovtde, enters the foramen, ex and en, and then penetrates 
gm-a^ es, or pushes the sac before it, becoUnng thus en- 
» teflection of it This view is supported by Sdhleiden, 

at On^ maaenUt, Uliutntliig Amld's dev of Ssitllimeon. a, Frimlne. b, 
jktyo. e, Conftmdd Slament.vliicb prooeedi from the emtityo toverda the 
depe^Oit of the p^en-tnhe. 
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Wjdler, Tulame, Gelesnow, and Wilsc^ 8cTilidd<m, wlwv 
a very elaborate series of observations on the Ombryo, is in fiivomr t^ 
this view. According to him, the 
extremity of the polkn-tabe does not 
enter the embryo-sac, but continues 
on the outside of it, pressing in the 
sac before it, and thus becoming sur¬ 
rounded by a double layer of it. The 
end of the pollen-tube (fig. 436 e) 
forms the germinal veade, iu the 
interior of which nuclei and cells are 
produced, which ultimately give origin 
to the embryo. All the portion of 
the pollen-tube within the embryo-sac 
may be developed as the embryo, or. 
a portion may remain in the form of 
a suspensor, or suspensory filament, •*86 

attached to the upper part of the sac. 

509. Wydler, Gelesnow, and Tulasne, maintain that there is no 
indentation of the sac, but that the tube enters it directly. Schleiden 
thinks that this may be true in certain cases where the embiyo^sao 
becomes elongated upwards, and ^en the membrane is absorbed so as 
to allow the pollen-tube to penetrate into the interior. Schleadeh thus 
looks upon the embryo as a foreign body entering fix)m without,' and 
supports his vievrs by cases of polyembryony in ConifersBi Cycadaceas, 
Misletoe, Onion, &c., where the plurality of embryos, accordi^ to him, 
depends on more than one pollen-tube having antered the fitramen of 
the ovule. Wilson has adopted Schleiden’s,views, fiom observations 
made on Campanula rotundifolia. Tulasne, firom examining the 
embtyogeny of Veronica hedeiifolia, ttiphyllos, and praecox, concurs 
in Wydler’s views. Endlicher supports sinular views with Sohleii^B, 
considering the stigma, however, as an organ, the pectdiar secretibn^ 
which acts on the pollen-grain so as to render it capable of peimtzatipg>i 
to the ovule, and developing an embryo. Unger’s opinion nearly 
responds trilh this. Griffith, firom his researches on Viscum, S^talug^ 
Osyiis, and Loranthus, condudes, that the ^Qen-tube penetrateai|K 
embryo-sac or cavity, and passes through it lonptudinally; and lie 
seems to think that, in some cases, the embryo proceeds fininn cells 
developed firom the end of the tube. Klotszch states that pollen-tnbes 
may be seen entering the embryo-sac. in Lavatera tremestris, Tobao(^ :;> 
and some Orchidaceo) after the poUm has lain firom twenly-firur ^ ■ 
thirtyrsix hours on the stigma. Hofineister admits that the' poll^-4; 

Ste 4M.—Sectian of orale to IQnotmte SclileMea'o vtev of fartDlmtton. r, 
uylM* . F]^ine. t, Saonndtnob. Exoatome. « a, Endootome. «, Modeok 
biythooc. p t, FOUen-tnDe. «, Tlie embtih> fbnned Iu the extremitr of UMSoBsMtaw / ^ ■ i'-' 
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tube, in some cases where the embiyo-sac is very ddicate, pushes it 
inwa^ to a certain extent. 

510. Those who object to Schleiden’s Tiews, think that he has 
mistaken the primary ntride, or germinal vesicle, .which exists in the 
embryo-sac b^ore impregnation, for the end of the poUen-tnbe, and 
that the cellnlar filament attaching this to the embryo-mc is totally 
independent of the poUen-tube. Brown finds that, in the seed of 
Coniferous plants which haye several embiyos, there are semicylindrical 
corpuscles, three to six in number, which are arranged in a drde near 
the apex. Ih each of these is a distinct embiyond filament. These 
filaments fi:equentiy ramify, each of the ramifications terminating in an 
embryo. He believes that these corpuscles are not formed by the 
poUen-tubes, and that the feet of the ramifications giving rise to rudi¬ 
mentary embryos is opposed to Schleiden’s views. The corpuscles lie 
dormant for at least twdve months before being devdoped. In a 
female plant bdonging to Cycadaceas, another polyembrybnous Order 
of plants. Brown hM noted the formation of corpuscles at a time when 
no male flowers were known to exist in the country. These cor- 
pusdes may probably be considered as analogous to embryo-sacs, or 
embryonal cavities, such as those in the Misietoe. 

511. Some of the supporters of Schleiden’s views institute a fanciful 
comparison between the spores of Cryptogamous, and the pollen of 
Phanerogamous plants. In the former, the cellular germinating body 
or spore is contained in a case or theca, just as the poDen-grains are 
in the anther of the latter. In the .first instance, the body when dis¬ 
charged is at once fit for germination; in the second it requires to be 
transmitted to an ovary, and then to be matured within an ovule, and 
supplied with a store of nutritions'matter, so as to be fitted for inde¬ 
pendent existence, ^ese views are theoretical, and do not seem to 
be borne out by fects. 

512. It will thus be seen that phymologists are mudi divided in 
their views relative to this obscure subject; and when we consider the 
minuteness' of the observations, and &e high microscopic powers re¬ 
quired, it is not a matter of surprise that there are numerous sources 
of fellaoy. Nearly all agree in the formation of pollen-tubes; these, 
affording to some, mid in the cellular tissue of the style; according 
taothers, they reach the ovule; the influence of the fovilla is com¬ 
municated to the ovule either <hrectly or indirectly;, the first cells of 
the emb:|^ some mamtam, are formed by the end of the pollen-tube 
direotl%tjihile others say indirectly; and a third parfy consider jhem 

; of changes induced by the action of the feviUa. 

511^’^^e opinions which have been recently supported by Amici, 
Hoh^il[arl Mulder, and Hofineister, are those which seem to rest on 
found^on, viz., that at the time of the opening of the flower 
tebryo-sao exists, and that, at its upper or micropyle end,- one or 
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more cells or germinal resicles are produced from <^blasts; that the 
pollen-tabes pass down the style to the ovary into the foramen of the 
ovule, and come into contact with the embryo-sac, either at its apex 
or a little below it; then an imbibition of fluids takes place, the 
embryo-sac begins to increase, and the embryo is produced. The. 
chief point \o be determined, is the existence or. not of the germinal 
vesicle before impregnation. 

514. The formation cf the process called the suspensor is variously 
{iccouuted for. Schleiden considers it as a part of the pollen-tube; 
Amici thinks that it is part of the embryo-sac prolong^ upwards, 
forming a coafervoid filament (fig. 435 e); Mohl, Mirbel, and Spach 
maintain that the suspensor is produced from the germinal vesicle, and 
therdbre intimately united to the embryo, which is developed from 
the lowest cells of that vesicle; Dickie thinks that the si^ensor may 
be a cord-like process sent out from the cellular embryo,- reaching a 
certain degree of development, and sometimes sending ofi" tubidar 
prolongations or filaments, as in Euphrasia and Orchidace^ The 
suspensor is usually directed to the apex of the nucleus or the mierp- 
pyle, and it is sometimes of great len^h. In Draba vema (fig. 485, 2), 
Dickie says he observed in an embryo, of an inch long, a suspensor 
three times that length. In Gnetum, Griflith mentions a tortuous 
suspensor 8^ to 5 inches long, the whole seed being only one inch long. 

515. Taking a comprehensive view of the whole subject, it may be 
smd that the union of two kinds of cells appears to be necessary for 
fertilization. In Cryptogamic plants this has been traced, particularly 
in certain cases of conjugation; where the two cells come into contact, 
a tube is formed between them, and the contents of the one unites 
with those of the other, ^ving rbe to a germinating body. In Phane¬ 
rogamic plants, also, there are two cells with difierent contents—^the 
pollen-grain with its granular foviUa, and the ovule with its muci¬ 
laginous fluid. These are brought into coimection by means of the 
pollen-tube, formed from the intine, which either enters the embryo- 
sac, or comes into contact with it, the rmibn taking place either 
directly by its extremity, or indirectly by cellular prolongations from 
the conducting tissue, or from the ome. By this me^ns the forma¬ 
tion of the embryo is determined, which commence as a cellular bo|jr 
or germinal veacle, in the interior of which other cells are subiK- 
quently formed in a definite order,of succesaon.* 

** For (^nlona m to Embryolo^, Boe Schlelden's paper in Xova acta Academ. Cieiar. Leopold- 
CoroL KatursB Cortos.; Brown on the Fecundation of Orchidscere and ABelepiadaceflBf in the " 
TnmnctlODB d the Linnumn Society for 1838; Brougniart on the same raldoct, in Annaleg dee 
Sclenote NaturcDes, 1st eoriei, torn, xxiv., 1^; Meyen on the Act of Imprwnation, trandated in 
Trior's Sdenttfic Memoirs, voL Hi: Amici sur la Fdcondation des Orduddea, in Anpales dee 
Setencee Katurellea, 8d eeilea, tom. vli.; Wilson on Tropeohun mdue, and Hairs of Campanula, 
^ndon Journal of Botany, vol IL; Glnmd on Embryology, in the Transactions of the Edlnborgn 
Botudeal Society, and in the Annals of Natural History, vd. r. ; and on tiie Ovule of Tropsw- , 
Inm, in Liunosan Tnmsactions, vd. zlx; Hmofrey and Indde on Embryology, in the Annals of- 
Katural Bietory fbr iStt; Griffith on the Ovule of SantaJura. Osyris, <fta, m rjnngaa Tmi* 
actions, voL six.; also Kotnlte ad PlastM Asla^cas, Calcoitta, le47. 



, XlM PMdMtiM memnntUtM .—tHe pdileD of ose spedes is 
eu^tOjued to fertilize tjbe ovules of another, the seed will often produce 
plants strictly intermediate between the two parents. TheseVe termed 
and are analogous to mules in the animal kingdom. As a 
geners^ hil^ hybrids can only be ^duced between plants which are 
very nearly allied, as between different spedes of the Ame genus. 
Thus, different spedes of Heath, Fuchsia, (^eus, Bhododendron, and 
Azalea, readily inoculate each other, and produce intermediate forms. 
It is found, however, that spedes which seem to be nearly related do 
not hybridize. Thus, hybrids are not met with' between the Apple 
and Pear, between the Goosberry and Cturant, nor between the Easp- 
beijy and Strawberry. The ovules of Fuchsia coocinea, fertilized 
with the pollen of Fudisia iulgens, produce plants having intermediate 
forms between these two spedes. Some of the seedling plants closely 
resemble the one parent, and some the other, but they all partake more 
or less of the characters of each. By the examination of the foliage, 
condudons may be drawn as to what will be the character of the flower. 
Mr. Thwaites mentions a case in which a seed produced two plants 
extremdy different in appearance and character; one partaMng rather* 
of the character of Fuchsia fulgens, and the other of Fuchsia coednea. 

S17. In the case of hybridmtion, there appears to be a mixture of 
matters derived fix)m the pollen-grain and the ovule, just like the 
mixture of two endochromes in flowerloss plants; and the nature of 
the hybrid depends on the preponderance of the one or othm:. Some 
have supposed that the poUen-grains require to be of the same form 
and dimension, in order to admit of artlfldal tmion taking place; but 
this & a mere conjecture. HybriSs perform the same fimetions as 
' parents, but they do not perpetuate thenrselves by seed. If not 
dbigfiihitdy sterile, at first, thqj' usually become so in the course of the 
second or third generation. Herbert mentions instances of hybrid 
Narejssnses, ffom which he attempted in vain to obtain seed. The 
cause of this sterility has not been determined. Some have referred it 
to ^ alteration in the' pollen. Hybrids .may be fertilized, however, 
by the pollen taken from one of the parents, and then the o&pring 
assumes the characters of that parent. 

, v 618. Hybrids rarely produced naturally, as the stigma is more 
Imely to be affected by the pollen of its own stamens than by that 
ofo^er plants. In dioecious plants, however, this is not the case, 
and hence the reason probably of tire numerous sp-caUed epedes 
of Willows. Hybrids are constantly produced artificially, wm the 
■new (ff obtaining choice flowers and fimits, the plants being propa¬ 
gated 'jdterwards by cuttings. In this way many beautiflil .Boses, 
Azale^ ^bdodenmrons. Pansies, Cactuses, Pelarg(mums, Fuchsias, 
Calqeoikiias, Nardssusea, Ac., have been obtained. ^ this process of 
inocnlaticin, and carefully selecting the paiei^ gaxdends are enabled 



to incarease the size of the flovr^, to improve their colour, to render 
tender plants hardv, and to heighten the flavour of fruits. Herbert 
thinks, from what he saw in Amat^llides, that in hybrids the flowers 
and organs of reproduction partake of the characters of the female 
parent, while the foliage and habit, or the organs of vegetation, resem¬ 
ble the male. 

519. This subject is in^rtant as connected with the origin and 
limitation of species. as some of the old authors believed, there 
were only a few species originally formed, and all the rest are the result 
of hybridization, there appears to be no limit to species, and no perma¬ 
nence in theu- characters. This, however, is not borne out by fects; 
the generally received opinion being, that types of all the species now 
in existence were originally placed on the globe, mid that these have 
given origin to an offepring like themselves, capable of reproduring 
the species. Hybrids, on the other hand, are rare in a wild state, and, 
they are seldom permanent and fertile. Even where they are so, there 
seems to be a tendency in the of&pring to return to one or other of 
the original types from which they sprung. 

6.—FRUIT, OE THK PISIH, ABBIVED AT MATURITT, 

520. Afl;er fertilization, various changes take place in the parts of 

the flower. Those more immediately concerned in the process, the 
anther and stigma, rapidly wither and decay, while the filaments and 
style often remain for some time; the floral envelopes also become dry, 
the petals &11, and the sepals are eidier deciduous or remain persistent 
in an altered form; the ovary becomes enlarged, forming the pericarp 
(xe;i, around, and fruit); and tbe ovules are developed as the 

sreds containing the emiryo-planl. The term Jhiit is strictiy applied 
to the mature pistil or ovary, with the seeds in its interior. But it 
often includes other parts of the* flower, such as the biar^ and floral 
envelopes. Thus, the fruit of the Hazel and Oak consists of the ova^ 
and bracts and calyx combined; that of the Apple, Fear, and Oooi^ 
beny, of tbe ovary and calyx; arid that of the Pine-apple, of&e ovaries 
and floral envelopes of several flowers combined. Fruits formed by 
the ovari^ alone, as tbe Plum and the Grape, seem to be more liable 
to drop ofr and suffer from unfavourable weamer, than those whic^ have 
tbe ci^rx mitering into their composition, as the Gooseberry, the Melon, 
and the Apple. 

521. In general, the flroit is not ripened unless fertiliration has been 
efi^ted; but cases occur in whidi the finiit swells, andjiebomes to all 
appearance perfect, while no seeds are produced Thus, there are 
seedl^^Oranges, Qrapes, and Fine-apples. 'When the seeds are abor¬ 
tive, it is common to see ton frnit wither and not come to maturity; hat 
in the case of Bananas, P{antains, and Brea^-froi^ the non-devddp- 




seeds seems to lead to a larger grbwth, and a greater succu- 
lenoe of tiie fruit 

522. In order to comprehend the structure of the fruit, it is of great 
importance to study that of the ovary in the young state. It is in this 
way only that the changes occurring in-the progress of growth can be 
determined. The fruit, like the ovary, may be form^ of a single 
carpel, or of several It may have one c^ or cavity, then being uni- 
locuUfr (unus, one, and loculus, box or cavity); or many, muMocular 
(multua, many), &c. The number and nature of the divisions depend 
on the number of carpels, and the extent to which their edges are 
folded inwards. The appearances presented by the ovary do not, how¬ 
ever, always remain permanent in the fruit. Great changes are ob¬ 
served to take place, not merely as regards the increased size of the 
ovary, its softeiung and hardening, but also in its mtemal structure, 
owing to the suppression, enlargement, or union of parts. In this way 
the parts of the fruit often become unsymmetrical, that is, not equal to, 
or some multiple oi^ the parts of the flower; and at times they are 
developed more in one direction than another, so as to assume an irre- 


j gnlar appearance. In the Ash (fig. 437), an ovary with two 
cells, containing an ovule attached to a central placenta, 
is changed into a unilocular fruit with one seedj one ovule, 
I, having become abortive, and the other, g, gradually extend¬ 
ing untU the septum is pushed to one side, becoming united 
to the walls of the cell, and the placenta appearing to be parietal. 
In the Oak and Hazel, an ovary with three cells, and two ovules 
in each, changes into a one-celled fruit with one seed. Simi- 
2 lar changes take place in the Horse-chestnut, in 
I which the remains of the abortive ovules are often 
seen in the ripe fruit. In the Coco-nut, a trilocular 
and triovular ovary is dianged into a one-celled, 
one-seeded ^fruit This abortion may depend on the 

or it may proceedfrom the influence of the pollen 
not being communicated to all the ovules. Again, 
^ by the growth of the placenta, or the folding inwards 

of parts of the ovary, divisions may take place in the flmit whi^ did not 
exist in the ovary. In Pretrea Zanguebarica, a one-ceUed ovary is 
changed into a four-celled frtiit 1^ the extension of the placenta. In 
Cathartocarpus Fistula (fig. 895), a one-odled ovary is changed into a 
frttit having .each of its seeds in a separate cell, in consequence of spu¬ 
rious dissepiments being produced in a horizontal manner from the inner 


4ST.—Samara, «r Samarold frait of Fnuditiu oxyph^a. 1. Entire, wtUi ita wlnK a. 2. 
Lower portton cut tranaverady, to ahow that It conalata of two locnlamenta; one of which, I, la 
ahortlTC, and It reduced to a reiy Iraall cavity, whlle-the other la mooh enlarged, and flHed with 
a teed, g. ‘ 
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■wall of tibio ovaiy after ferdliBatioiv li Tribulus terrestris, each cdl of 
the ovary (fig. 438) has slight projections, c, on its walls, interposed 
between the ovules, b, which, when the firiiit is 
r^e, are seen to have formed distinct transverse 
divisions (fig. 439 c), or spurious dissepiments, 
separating &e seeds, ff. In Astragalus, the 
folding of the dorsal suture inwards converts a 
one-cdled ovary into a two-celled firuit. 

523. The development of cellular ot pulpy 
matter frequently makes great changes in the 
fimit, and renders it diflicult to discover its for¬ 
mation. Ill tile Strawberry, the axis becomes succulent, and bears 
the carpels on its convex surface; in the Eose, there is a fieshy lining 
of the calyx (sometimes called a disk), which bears the carpels on its 
concave surface. In the Gooseberry, Grape, Guava, Tomato, and 
Pomegranate, the seeds nestle in pulp formed apparently by the 
placentas. In the Orange, the pulpy matter surrounding the seeds is 
formed by succulent ceUs, which are produced fium the inner lining 
of the pericarp. 

524. The pistil, in its simplest state, consists of a carpel or folded 

leaf, with ovules at its margin; and the same thing '^ill be found in the 
fruit, where the pericarp, as in the Bean (fig. 440), 
represents the carpellary leaf, and the seeds corre¬ 
spond to the ovules. The pericarp consists usually 
of three layers: the external (fig. 440 «), or epimrp 
(erl, upon, or on the outride, Suit), cor¬ 

responding to the lower epidermis of the leaf; the 
middle (fig. 440 m), ormesocarp nuddle), 
representing the parenchyma of the leaf; and the 
internal (fig. 440 n), or endocarp (IvSov, "within), 
equivalent to the upper epidermis of the leaf, or 
the epithelium of the ovary. In some plants, as 
Colutea arborescens, the pericarp retains its leaf¬ 
like appearance, but in most cases it becomes al- ^ 

tercd both in consistence and in colour. Sometimes the three parts 
become blended together, as in the Nut; at other times, as in the 
Peach, they remain separable. In the latter fruit, the epicarp is thick¬ 
ened by the addition of cells, and can be taken off in the form of what 
is called the skin; the mesocarp becomes much developed, forming the 

Fig. 438.—Cell or locolament of the ovary of Tribnliis terrestria, cat vertlcallyf to tiiow the 
commencement of the prqlectionB, c, At>m the paries, which £ire interposed between the owlea, o. 

Fig, 439.—The same in a nutare state, showing the transverse pimtionB, dividing the frnlt 
into cavities, In one of which a seed, is left. 

Fig. Lower portion of the caj^ or legmme of the Bean, Faba sativa. eat transveiwly, to 
uiow the stroctore of the pericarp, a Epicaip, or external epidermis, Mesocarp. n. £ndo- 
c»Tp. « d Dorsal sntore. » v, Ventnu sotore. g, A. seed sltnated at the upper part of the sec* 
tion, and cut also transrersely. 





fledi .or pnipr aad hence hae somedm^ hep called aearcocccrp (trtigS, 
idiile the endocarp becomes har<icned bj the production of 
woody ceils, and forma the stone. or puiamehi^pwlamm, a shell), imme¬ 
diate^ covering the kernel or the seed. The same arrangement >is 
apn in the fruit of the Cherry, Apricot, and Plum. In th^e cases, 
the mesocap is the part of the fruit which is eaten. In the Almond, 
<Hi the other hand, the seed is used as frod, while the shdl or endo¬ 
carp, with its leathery covering or mesocarp, and its greenisii epicarp, 
axe rejected, ^e pmpy matter found in the interior of frui^ sucdi as 
the GWiebeny, Grape, and Gathartocaipus Fistula (fig. 895), is formed 
from the plac^tas, and must not be co^ounded with the spcocarp. 

525. In the Date, the epicarp is the outer brownish sMn, the p^py 
matter is the mesocarp or sarcocarp, and the thin papery-like lining is 
the endocarp covering the hard seed. In the Fear and Apple, the outer 
skin or epicarp is composed of the epidermis of the calyx, combined with 
the ovary; the fleshy portion is the mesocarp, formed by the cellular 
portion of the calyx and ovary; while the scaly layer, forming the 
walls of the seed-bearing cavities in the centre, is the endocarp. In 
the Medlar (fig. 472), the endocarp becomes of a stony hardness. In 
the Melon, &e epicarp and endocarp are very thin, while the mesociarp 
iqxms the bulk c^ the frruit, varying in its texture and taste in the ex¬ 
ternal and internal part. The rind of the Orange consists of epicarp 
and mesocarp, while the mdocarp forms partitions in the interior, filled 
with pulOT cells. 

526. Thus, while normally frie divisions of the iruit ought to indi¬ 
cate the niunber of the carpels composing it, and these carpels should 
each have three layers forming the walls, it is found that frequently the 
divisions of a multocular fruit are atrophied or absorbed, in whole or 
in part, and the layers become confounded together, so that they 
appear to be one. Again, in fronts formed of sevend carpels, the 
enclpcarp and mesocarp are occasionally so much developed as to leave 
the epicarp only on the free dorsal free of the front, forming a covering 
which is wholly external, as in the Castor-oil plant. Euphorbia, end 
Mallow. Occasionally, the endocarp remains attached to the centre, 
forming cells, in whiw the seeds are placed, while the outer layer 
separates fripm it at certain pennts, and leaves a row of cavities in the 
substance of the pericarp its^ 

527. While in many fronts the*calyx becomes inco^orated with the 
perioain, there are others in which it is closely applied to the ovary, 
but Btnl separable from it. Thus, in the frmt of Mirabilis Jalapa 

i441,,l), when a secrion is made longitudihally (^. 441, 2), the 
h^ir^^nd'calyx, c c, is obs^ed distinct from the front,/ which is in 
tl^ instance incorporated with the seed, but at once distinguished by 
itBri^e, s. The 8ame,tlnng occurs,in Spmacia or Sumach. Again, 
in’ uppophfie rhamnoides, and in the Yew (fig. 442), there id an exter- 



nal succulent covetii^, ic, formed by modified bracts, which here oocnj^ 
the place of a pericarp, and display the seed, g, which is naked, because 
not contained in a true ovary wim a style and stigma. 



628. The part of the pericarp attached to the pedunde is called its 
base, and the part where the style or stigma existed is the apex. This 
latter is not always the mathematical apex. In Alchemilla, Labiate, 
and Boraginacee, it is at the base or side (figs. 400, 401, 402). The 
style sometimes remains in a hardened form, rendering the fiiut apicu- 
hte; at other times it fells ofij leaving only traces of its existence. The 
presence of the style or stigma serves to distinguish certaia single- 
seeded pericarps from seeds. 

529. As in the case of the carpel, so in the mature ovary formed 
of it, the edges unite towards the axis, and constitute the ventral 
suture (fig. 443 s v), while the back, corresponding 
with the midrib, is the dorsal suture (fig. 443 s d). The 
imier sutm’o, in some fruits formed of a single carpd, as 
the Apricot and Bladder senna, is marked by a distinct 
furrow or depression, consequent on the folding in¬ 
wards of the carpeUaiy edges; and occasionalljr the 
outer or dorsal suture is also thus rendered distmctly 
visible. When the finiit consists of several mature 
carpels, all meeting in the centre, and united together, 
then the dorsal suture is also visible externally; but 
in cases where the placentation is parietal or free cen- 
tral, thou the edges of the separate carpels, being near the surface, may 
present also extmnally the marks of the ventral sutures. 



rig. 44]—Fnilt of Mlrabllis JaJapn. 1. Entire, 2. Cut loftglhiainally, to show Its cotnjoM- 
tlon. c «, Lower part of calyx hardened, and fonning an outer envelope. /, The tree fruit, 
eovered by, the cuyx. The Integuments of the fruit are Incorporated with uioae of the seed, 
wUch haa been ahia cut the fruit hi distlngnUhed by the remaina of the style, t, at tbO md- 
cnlus or sunanlt 

rig. 448.—Prnlt of Taxua haocata, the Yew, S, Imhilcatod bracts at Its base, ic, Heehy 
envelope tahlng the place of the perlcatp. This envelope coven the seed, g, partially, leaving 
Its apex naked. . 

rig. 448.—A alnde carpel of HeUebonu foeUdna after dehlacence. a d, Doraal ntnre. ad, . 
Ventral suture. The carpd, when mature, opens on the ventral' reture, and Ibrins the fruit 
dcnemlnatedafolUde. ■ 


IHDEHISCEKT ADD DEtoSCEin; FBUXTB. 


580. Where &e sutures are formed, there are usually two bundles 
of fibro-TBseukr tissue (fig. 443), one on each edge. The edges of the 
sutures are often so intimately united, as not to give way when the fimit 
is ripe. In this case it is called indehiscent (m, 'used in the sense 
of not, and dekisco, I open), as in the Acorn and Nut; at 
other times the fimit opens between the two vascular bundles, 
dther at the ventral or dorsal suture, so as to allow the 
seefis to escape, and then it is dehiscent {dehisce, I open). 
By this dehiscence the pericarp becomes divided into dif¬ 
ferent pieces, which are denominated valves, the firuit being 
univalmlar, Uvalvular, or muUivalvular, &c., according as 
there are one, two, or many valves. These 'ridves separate 
either completely or partially. In the latter case, the divi¬ 
sions may open m the form of teeth at the apex of the fiuit^ 
the ddhisoence being apicular, as in CaryophyUacete (fig. 
444 v), or as partial slits of the ventral suture, when the 
carpels are only fi'ee at the apex, as in Saxifiuges. 

531. indeUMsent Wrniui are either dry, as the Nut, or fieshy, as the 
Cherry and Apple. They may be formed by one or several carpels; 
and in the former case they ukially contain only a single seed, which 
may become so incorporated with the pericarp as to appear to be naked. 
Such friiits are called psmdo-^ermous {iptvlve, false, and seed), 

or false-seeded, and are weE seen in the grain of Wheat. In such 
cases the presence of the style or stigma determines their true nature. 

582. i>e]iiaceat Waits, when composed of single carpels, may open 
by the ventral suture only, as in the follicles of Pseony; by the dorsEd 
suture'Only; or by both together, as in the legume of the Pea and 
Bean; in which cases the dehiscence is called sutural. When composed 
of several tmited carpels, the valves may separate through the dissepi¬ 
ments, so that the fimt will be resolved into its original carpels, as in 
Rhododendron, Colchicum, &c. This dehiscence, in consequence of 
taking place through the lameUEe of the septum, is called septiddal 
{s^tum and ccedo, I cut) (figs. 445, 446). The valves may separate 
fium their commissure, or central line of union, carrying the placentas 
with them, or they may leave the latter in the centre, so as to form 
with the axis a column of a cylindrical, conical, or prismatic shape, 
which has received the designation of columella (fig. 447 c). 'Die 
union between the edges of tiid carpels may be persistent, and they 
may dehisce by the dorsal suture, or through the back of the locula- 
menf8,'.as in the LOy and Iris (fig. 448). In this case the valves are 
brmed by the halves of the cells, and tire septa either remain united 
■o the axis, or they separate fiwm it, carrying the placentas with them 

or djy «eed-vewel of CerasHviti rlscosum after dohiscence. c, Persistent 
Pericarp dividing >at tire apex, o, Into ten teetb, whlcli Indicate Ore summits at 
nlB;;^Tea unltea bdow. 
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(fig. 449), or leaving them in the centre. This dehiscence is tocuUeidal 
(loculut, cell, and 1 cat). Sometimes the fimit opens by the 
dorsal suture, and at the SJkme time the valves or walls of the ovaries 
separate from the septa (fig. 450), leaving them attached to the centre. 



as in Datura. This is called septifragal dehiscence (septum and frango, 
1 break), and may be looked upon as a modification of the loculicidaL 
The separation of the valves takes place either from above downwards 
(fig. 450), or from below upwards (fig. 451). 


Fiff. 445.-~Gap8i2le of Digitalis purpiu'ea at momcoit of dehiscence, when the two cavities, 
r c, separate by division of the septum, el so as to iiave the appearance of distinct cai^iels. At 
Iho apes, are seen the seeds, g. 

1*1^' 4‘%-<lQ&rior portion of the same capsule cut transveraely, to show the formation of the 
septum, d; formed by the two inner faces hf the carols, c e. ppt Placentarics reflected and pro- 
jectlng Into the interior of tlie cattles. 9, Seeds. 

Flg..447.—Gai)8ule {iricoecoM r4gfna) of lUcinus communis, Castor^oil plant, at the moment of 
dehiscence. The three carpels or cocci, e e c, are sf^rated from the axis, a, by which they were 
at first xmited (see fig. 463), and which remams bx a columnar form. These coed begin to open 
by their dorsal suture, $ A 

ng. 448.—Capsule of Iris opening by locuUddal dehiscence. 

Fig. 449;—Capsule of Hibiscus escuientus, siiowlng also locuUddal dehiscence, v v v, Valves of 
the seed-vessel, e. Septum or i^rtition. o, Seeds. 

Fig. 460.—Capsule of Cedrcla angustifbUa, tiie valves of which, v v r, separate ftom tho septai 
e by septifragal dehiscence. The separatidii takes place from above downwards. In Rum A 
manner that the axis, a, remains in. the centre, with five projecting an^ei, oorresponding to the 
septa, p, The seeds contained in the loculaments. 



‘e.f-' 


, _ , CaswMu plant^. 458), the caip^ 

be&g tmited to ii bj their^&i^ and separa^g 
from it vithoat opening. )n Ibe Umbelbfere 
{fig. 454), the two carpels separate fix>m the lower 
part of the axis, and remain attached to a pro¬ 
longation of it, called a mrfophah :Mt, 

and 0 ifa, *l bear), or podocarp (weS;, foot, and 
e wsToV, finiit), which splits into two (fig. 454 a), 
ana suspendathem. Hence the name cremocarp 
I suspend), applied to thie. fruit. In 
GeraniacesB, the axis is prolonged beyond the 
carpels, forming a carpophore, to which the styles 
are attached, and the pericarps separate from 
b^ow upwards, before dehisdng by thdir dorsal 
sutuxe (fig. 455). Carpels of this kind are 
called cocci seed, berry), and the fimit is said to be tncoccons, 

&C., according to the number of separate carpels. In the case, of many 
Euphorbiacess, as Hura crepitans, the cocci separate with great force 
and elasticity, the cells being called dissilient (dissiUo, I bmst). 





584. In the Siliqua or firoit of Cruciferas, as Wallflower (fig. 456), 
the 'rolves separate firom the base of the fimit, leaving a cent^ replum 
or frame, r. , The rephun is considered as being formed by parietal 
placentas, which remain attached to the fibro-vascular line of the 
suture, the valves giving way on either side of the suture. In Orchi- 
dahesB (fig. 467), the poicarp, when ripe, separates into three valves, 

riff,46L--(ipBileofSwi8teniftMaiiMonl,CjTeatagbyTaive8tomibelowuT)wai^ Thelettera 
hs7e thd flame Ofl^cation as In Aff. m 

FroRof HiOva rotnndlfoUa, with half the carpels comprialnff It removed, to show 
a, they are attached. Ihls axis ends at the point where the i^le, *, Is pro- 


between the carpela and terminattog by amS^rds or whl^ 

JJ^Wo^mcQhunont^Md are attached to seeds, ffg, Seeds expos^ each mirmotmted by 

./ Mr idf —or cremocarp of Pranaos idoptera, an umbelliferous plant Ihe carpels. 

® wpwate from the axis, a, eokl are each Bunended by a caapopunc. 
«A Jpi ilttentByiaa with ewolten bases, ftmUng an ^Igynous dUk. 


T»i| »■ «»»’■*>»»>'••*I iM »I 


are attadied la the cs^ of a Sciie <;eateal ,pbu9eBta, 
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separate, it is sometimes difficult to tell whether the dehis^ce i 
septicicM or loculicidal, inasmuch as there are no dissqpimeintsi an< 
the placentas and seeds ffinn a column in the axi« Jheir ntunhei 
as well as their alternation or opposition, as compareid liilh ihe s^ali 
will aid in detennining whether the valves are the entEfe jeaipeUar 
leaves, as in septiddal dehiscence, or only halves nhi^ aa ^ loooli 
cidaL In some instances, as in Linum catharticnm^.Sfuit open 
first loculicidal dehiscence, and afterwards the carpels separate a 
a septicidal manner. 

585. Another mode in which ftniits open is transversely, the dehis 
cence in this case being called circumsassik (circum, arotmd, am 
sdndo, I cut). In such cases, the finiit or seed-vessel may be St^poS^ 
to be fowned by a number of articulated leaves like those <« & 
Orange, the division taking place where the laminse join the «tioite 
In this dehiscence, the upper part of the united valves falls os 
form of a lid or operculum, as in AnagaUis (fig. 458X and in 
(^amus (fig.’4d9), and hence the firuit is often denomhoated qpdvukd 
(qp<rculum, a lid). In some instaaoees the axis seeuis to b^ 

Fig. Fruit or mature caipel of Qeraniiiin saugi^eiun. e. Peirirt e a t ail^ lx) 
^kmged as a beak. I £, The sl^tea, at united to me beiUc, and afcervants a^aatilBf 
Ddow upwarda, along with the car^e. o o, vhtch dehisce by their donal a ntu re, tt SagoMi 
The draft is sometiiaeaoaHedgynobaslc. 

Fig. tlWL—SUlqna of OheiruithuB Chelil, Wallflower, dehiscing by two raJra, e 4, lAdjli; 
Beparatenomafhnne'orrmliiiB,r. o, Seeds azranged on either margin, f Tvo>lcm4 ddoMC 

Fig. dST.-^apeule of Orchis macoi^ at penod of dehlaoeDce. e, Rmn^nr ctf thelpi^«l 
theeslyx crowning the fhilt. we, Segine^ ^ me pericarp which are detached la 
Tairea. j>p, ArchMiepla or placentaawhl^ remain perrinent, and bear ^aeeia 

s , 


«n3 T^yes «ppe^ as leaves united to 
it.^tp^)fdatx^iiii]^.to wliati oc^mrs iittite cdipc of Eschscholtaa. 
j , 1 ih LecytSis, or the Monkey-pot, and 

/S ut Couratari, the caljxis adherent 

« seed-vessd, and the'lid is 

£!^^X formed at the-place inhere the tube 
g^r \ of the cal^ ceas^ to be adherent. 
I^L 'l divisions take 

-■ ' ^ fUjuk^ place occasionally in fruits formed 

^ ^7 * single carpel, as in the pods 

of some leguminous plants. Exam¬ 
ples are met with in Omithopus, Hedysarum (fig. 460), Coronilla, &c.,, 
it TchMi eaoh seed is contained in a separate division, the partitions 
jeing fotnjed b^r the folding in of the sides of the pericarp, and distinct 
leparations taking place at these partitions, by what has been termed 
Kilvlali^. Smne look upon these pods as formed by pinnate leaves 

folded, and the divi- 
\ \ r I i j sions as indicatiag the 

\c\Vm1 mj'J points where the dif- 

pinnsB 

as formed by the ex- 
wyyjr*/' wWlSB panded midnb or pe- 
t^pSrvi tiol®) pinnae 

, fl clf * ®® represented by the 

480 461 462 sceds. Dchisoenoe may 

dso, be effected by partial openings in the pericarp, called pores, 
rhich are situated either at the apex, base or side. In the Poppy (fig. 
109)^ . the opening takes place by numerous pores under the peltate 
irocesses bearing the stigmas. In Campanulas, there are irregular 


Fig. 458.->P^dii2m or capsule of AnagaUin airenslB, opening l>y drcumadssUe dehiscence. 
, P^stent cAyx. Pericarp divided into two* the upper part, o, separating iu the ibrm of a 
id m operculum, (m the capsule are seen three lines passing from the base to the apex, and 
the true v^vea, g, Seeds forming a idobular mass round a central placenta. 

Fig. Operculate capsule or FyzIdMfea of Hyoscyamus nlger, Henbane, a, Operculom or 


how the Bp^uuB jocnlaxnenta. each coutatnlng a seed. This secd-veesd divide Into separate 
[fiflUrfieedcNl portkms solut^ty. 

Slg» d(a.^^lap8ale of Campanula penridibllB, opening by hbles or pores, above the mld^, 
, .PenMM^ oSlyx, inoorpbi^ted below with the pericarp, and separating .above jinto dve 
^ midst of whldi is seen the withered and plaltea ctvoUa In the fbnn of 
BdOrltt, «!the holes j^onite the walls of the pericarp and the calyx. 

3%. 46|,-9Capaile of Antlrriklpum majus, Frogsmouth, after oehlsomice. « c, Persistent 
Fettosrp perfbrated near the summit three holes, t ^ two of which correspond to 
and one to the other. Tue apex of the capsule is acuminated by the 

ttMAflBHKMta noMtaliAiW. AHtIa a 


ime or lomentfim (rf Hedysarum coronarlnm. 1. Entire, the 
ched fWnn the rest 2. Two of the jdnts cut lons^dlnally to 
each coutatnlng a seed. This secd-veesei divide into separate 


3 apex ctf the capsule is acuminated by the 


opening toward* the lisidcllepr base leered boiS' 

the pericarp and the a3h«ent calyx In Erogsinouth (fi^. 462) or 
Snapdragon, the pericarp gives wayr at certain fi2s^ point%:‘fiflnmng 
two or three orifices, one of which'corresponds to theinp^ carpd, 
and the other to the lower. These orifices have a ra^ed appearance 
at the margins, which has given rise to the name ruptarmg, as applied 
to this mode of dehiscence. 

637. Ciirp*loKT.—^Much has been done of late in the study of cor- 
pology (i6»grof, ^it, and ?i.eyor, discourse), or the formation of the 
fruit; but much still remains to be done ere the terminology of this 
department is complete. Many classifications of fimite have been 
given, but they are confessedly imperfect, and unfortunately much 
confusion has arisen in consequence of the same namp having been 
applied to different kinds of fioiit. In many cases, therefore, it is 
necessary to give a description of a fruit in place of using any single 
term. There are, however, some names in general use, ana others 
which have been chrefully defined, to which it is necessary to dire<^ 
attention. . 

538. Fruits may be formed by one flower, or they may be the 

product of several flowers combined. In the former case, they are 
either apocarpous (*«■(>, separate, and fhdt) or dialycarpous 

I dissolve or separate), that is, composed of one mature 
carpel, or of several separate free cagrels; or syncarpous rir, together), 
that is, composed of several carpels, more or less completely united. 
These different kinds of fruits may be inddiiscent (not opening), or 
de/mcent (opening). 'When the fruit is composed of the ovaries of 
several flowers united, it is usual to find the bracts and floral envelopes 
also joined with them, so as to form one mass; hence such frtiits are 
called multpU or anthocarpous (Mai, flower, and »«{orof fimit). The 
term simple is perhaps properly applied to fimits, which, when mature, 
appear to be formed of one carpd only; but it has been also given to 
those which, when mature, are formed by several separate carpds; 
while the term compound is applied to cases where several carpds are 
combined. The name aggregaU, is by some made synonymous with 
anthocarpous, while multiple is applied to apocarpous friiits formed by 
several free carpels. 

Fruits which are the Prodtate of a Single Flower. 

539. Apocarpsm VniUa.—^These fruits are formed* out a£ one or 
Mveral free camels. Ihey are dther dry or sucadenl; the perioaip, 
in the fiformer.instance, remaining more or less foliaoj^ous in its struc-. 
ture, and sometimes burning incorporated .with the seed.;.hr th^', 
latter, beconang ihich and flrahy, or pulpy. Some of these 

open when, ripe, btit fell entire, thq perir^p either decaying, and thioa;- 



jaiio i m<( KM T afqoi&bpogb iBmxs. 

qlioiRiBg the we^ ultimately te escape, as. is conxmon in fleshy ihdts, 
or rafudniixg.'wted to the see^ anfl being xoptui^ irregularly when 
^^..^nsig ^ant begins to grow; such flnoits ^iindehiscent Other 
' spoipipOQs fruits, when mature, open spontaneously to discharge the 
aeeia, aad ate dehiscerU. r 

friO. toMdMnit ArMwrpMs Vniita, when formed of a single mature 
.eaarpel, fiequaitly contain only one seed, or are numeipemum (ft6ne. 
One, pnd grif/tm, seed). In some instances there may have been only 
ODA ovule originally, in others two, one of which has become abortive. 

541. The Adueimm {», privatiye, and xahs, I open) is a dry 
monospermous fruit, the pericarp of which is closely applied to the 

seed, but separable from it (fig. 
463). It may be solitary, form¬ 
ing a single finiit, as in the 
Cashew (fig. 227 a), where it 
is supported on a fleshy pedtm- 
de, p; or aggregate, as in 
llanunculus (fig. 464), where 
several achtenia are placed on 
a common elevated receptacle. 
In the Strawberry, the achicnia 
are placed on a convex succulent receptacle. In the Eose, they are 
supported on a concave receptacle, covered by the calycine tube (fig. 
270), and in the Kg, they are placed inside the hollow peduncle or 
receptacle (fig. 246), which ultimately forms what is commonly called 
the frtdt the Bose, the aggregate achamia, with their general 
covering, are sometimes coUectivSy called Cynarrhodvm a dog, 
imd a rose, seen in the dog-rose). It wOl thus be remarked, 
that what in common language are called the seeds of the Strawberry, 
Bose, and Fig, are in reality carpels, which are distinguished from 
seeds by the presence of styles and stigmas. The styles occasionally 
remain attached to the achsenia, in the form of feathery appendages, 
as in Clematis, where they are c^ed cavdate {cauda, a t^). 

542. In Corhpositffi, the finiit which is sometimes called Cypsela 
a box), when ripe, is an aohsenium united with the tube of 

the calyx (fig. 279 <). Ine limb of the calyx in the Compositte, some- 
ttoes becomes pappose, and remains attached to the fruit, as in 
Dwdelion, Thistles, &c. (fig. I). When the pericarp is thin, 
and appears like a bladder surrounding the seed, the acheenium be¬ 
comes a Utride, as in ’AmaranthacesB. This name is often given to fhdts 
which differ from the'achsenium, in being cconposed of more than one 

Acftumtnin or indehiscmt mohoniermoas-oaipel ft«m the pistil of a Rsimnoolns. 
flhnflar achieiihim, nmgn points on the perlcoip, from the pHiUyif Bwun- 
cailBB ^upriestoe. ^9. AdueoioDi cat transversely to show vie seed, a, not adbdKit to the 
Mkrietea.' - ' 




nroEHisOiait AFocABPOtrs't^BDm. Kdi 

carpel When the pericarp is extended in tibe form of a winged 
appendage, a Samam [samera, seed of Elm) or mmaroid acHemmm is 
produced, as in the Ash (fig. 437), common Sycamore (fig. 466), and’ 
Hirasa (fig. 466). In th^ cases, there are usually two achsenia 
united, one of which, however, as in Fraxinus oxyphylla (fig. 437), 
may be abortive. Wing (fig. 465 a) is formed 1^ the om^, and 
is either dorsal, i.e. a prolon^rion fix>m the median vein (fig. 4^ a), 
or marginal, that is, formed by the lateral veins (fig. 466 a). It sur¬ 
rounds the finut lonptudinally in the Elm. When the pericarp be¬ 
comes so incorporate with the seed, as to be inseparable from it, as 



in Grains of Wheat, Maize, Rye (fig. 467), and other grasses, then the 
name Garyop^ or Cariopsis (lutfva, a nut, and Stj/ift appe^ance) is 
given. 

543. There are some fruits which consist of two or more achasnia, at 
first united together, but which separate when ripe. Of this nature 
is the ihiit of the Tropsolum or Indian Cress, a&o that of Labiat® 
and Boraginaceae, which is formed of four acbssnia attached to rite 
axis (fig. 402), whence the comm6n style appears to proceed. Some 
of these are occasionally abortive. In the ripe state the pericarp 
separates firom the seed in these cases; and thus there is a transitioit 
from indehiscent achsenia to single seeded dehiscent pericarps. So 
also the Cremoca/rp (Kfifiitt, to suspend), or the firuit of Umbellifer® 
(fig. 454), which is composed of two achsenia united by a commiffirure 


46&—Seed-yc8iel of Acer Fseudo-platailus, composed of tiro samaras or wli^ped mono* 
R]>eiraious coipels noited. a, Upper jurt forming a dorsal wing. Lower portian correspon^ytlf 
to the locuiamenta. ■ 

Fig. 466,--S^ara taken ftom the fniit of Hlrsea. «, Fastest st^le. 2, Partcorreqioadidgl^' 
ta®iocul|iaent a a. Marglnfil wing qr ala. ' ii. 

Hg. 467.->Gai7opffiB of &cale ceriale, Bye. L Entire. % CiU^tranirenely to tfiow toe seed 
aoheront to the paxietes of the period. ' . : 



m cof^hore (^tcgrit, frnit, and I bear), 
are so^ekded at maturi^. It is sometimes deno- 
nkuated (Uachcmium (ti;, twice), from the tmion of two aohaenia, which 
hr this instance receive the name of mericarps (ftig»c, part), or hemtearps 
.tjiyswwr hal^ and KK^oV, fruit). 

■Sii.' iTAe Nut or OUm. This b a one-celledfrait widi a hardened 
iijwrioarp^ surronnded by-bracts at the base, and, when mature, con¬ 
taining only mie seed. In the yo\mg state, the oyary contains'two or 
inbre ovales, .but only one comes to maturity. It is illustrated by the 
fruit of the Hazd and Chestnut, which ^ covered by leafy appendages, 
in the form of a hush, and by the Acorn, in which the leaves or bracts 
are united so as to form a cupula or cup (fig. 257). Ihe parts of the 
pericarp of the Nut are united so as to appear one. In SagM, or the 
Sago Fahn, it is covered by peculiar dosdy applied scales, giving the 
f^pearance of a cone. 

545. The Drupe (drupes, unripe olives). This is a succulent fruit 
covered by a pericarp, consisting of epicarp, mesoearp, and endocarp; 
and when mature, containing a single seed. This term is applied to 
such firuits as the Cherry, Peach, Plum, Apricot, Mango, Walnut, 
Nutmeg, and Date. The endocarp is usuaEy hard, forming the stone 
of the fruit, which encloses the kemd or seed. The mesoearp is 
generally pulpy and succulent, so as to be truly a sarcocarp (Peach), 
but it is sometimes of a tough texture, as in the Almond, and at other 
times more or less fibrous. There is thus a transition fium the Drupe 
to the. Nut. Moreover, in the Almond, there are often two ovules 
formed, only one of which comes to perfection. In the Walnut, the 
endocarp, which, is easily separable into two, forms prolongations which 
enter into the interior, and cause a remarkable ^vision in the seed. 
It has been sometimes called Tryma. In the Easpberry and Bramble, 
several small drupes or drupels are aggregated so as to constitute an 
Eic^ (iruigsi, a companion). 

546. SDeUflceait Apocarpvaa Vnittt.—These Open in various 
^ 'irays, and usually contain more than one seed, being either 

'few-seeded, oligospermous (£h(y»s, few, and vxigftti, a seed), or 
rnauTTseeded, polyspemwus (woxif, many). , 

547. Follicle (foUicuhis, a littie bag). This is a mature 
carpoh .contaiping several seeds, and opening by the ventral 
suture (figs. 443, 468). • It is rare to meet with a soHtaiy 
. follicle forming the fruit. There are usually several aggre¬ 
gated togethCT, either in a circular manner on a shortened 

? ir'T* receptade, as ip. Hellebore, Aconite, Delphinium, and Ascle- 
jdadacees; or in a .spiral manner on an elongated receptacle, as in 


Vma. USi-^imole or deUtcent inany-ceeded carpel of AijaileKla vidgikrie, Cotam^ine. Tbe 
folUcid'daMwrei by Uie Teatcal autnis only. 





Magnolias, Baitksias, and liiiodraidTon (fig. 306). ■ Occasioitally lit ' 
Magnolia grandiflora, some of the follides open by the dorsal satore. 

648. The Legume or Pod {kgumen, ptdse) is a solitary, simple, ma¬ 
ture carpel, dehiscing by the ventral Mid dorsal satnre, and bs^ng 
seeds on the former. It characterizes legominons plants, and is seen 
in the Bean and Pea (fig. 469). In the Bladder-senna (fig. 470) 
it retains its leaf-Kke appearance, and forms an infixed legume. In 
some Leguminos®, as Arachis, the flniit must be considered a legume, 
although it does not dehisce. In place of opening at the sutures, some 
legumes are contracted at intervals, so as to include e^h seed in a ’ 
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separate cell, and when ripe, the different divisions of the pod separate 
from each other. This constitutes &.eLomentmi (lommtum, bean-meal), 
or lomentaceom legume of Hedysarum coronarium (fig. 460), Coronillas, • 
Omithopus, &c. In Medicago, the legume is twisted Hke a snail (fig. 
471), and in Caisalpinia coriaiia, or Divi-divi, it is vermiform or cmv^ 
Eke a worn; in Carmichaelia, the valves give way close to the suture, 
m.'d separate from it, leaving a division. 

549. SrausarpoB* Vrnlta are formed by several carpels, which are 


Fig. 46&>—Legume of Pisum flatlvum, common Pea, (mened. It ia formed by a ^gle corpeL 
and dehiBces ^ the ventral and doiBal sutora o % valves formed by the twb t>art8 of tbi 
pmearp. p, 'Die epicaip or external layer of the pcrlcaipk Endpearp or internal layert 
Between these ihe mesocarp is situated. Seods placed one over the other, attached to the .: 
placenta by short funiculi or cords,// Tne placenta fbnns a narrow line uong the veidzit r 
antnre, s tt. s d, The dorsal satnre correqwnding to the midrib ctf the caxpdlary leu 
Fig. 47id.-xliCguxne of Bladder-senna iOolutea oHxtrtaoent). sbowlxqr en iniiflted, /oliaoecntt > 
pericarp. 

Fig. 47L^Twisted or spiral logimie of Medicago. 


~ gBPirs. 

'ito- tti&ed' togeOter as to appear one in thrar mature state. These 
ftinto tee other dry or soc^ent: in the former case, being nsnally 
delikeeitt, in the lattte, indehiscent. 

550. iMeUMiart Sraeaur^ Vnittiu —The Berry (bacca) is a saccn- 
leait fimt, in which the seeds are immersed in a pnlpy mass, formed 
% the phwentas. The name is nsoally given to sudi fruits as the 
l i^ebseibmy and Currant, in which the calyx is adherent to the ovary, 
‘Jtod the placentas are parietal, the seeds hdng ultimately detach^ 

the placenta, and lying loose in the pulp. Others have applied 
♦it also to those in which the ovary is free, as in the Grape, Potato, and 
Ardisia, and the placentas central or free central. The latto might be 
separated under Ae name Um (grape). In general, the name of baccate 

berried is applied to all pulpy fruits. In the Ptmiegranate there is 
a peculiar baccate manyicelled fruit, having a tough rind formed by 
the calyx, enclo^g two rows of carpds placed above each other. The 
seeds are immersed in pulp, and are atta^ed irregulariy to the parietes, 
base, an4 centre. The fi^t has been called Bakmsta {hakmstium, 
frower of pomegranate), and the tough rind is called maBcoriwn (a 
Pmne apjdled to it by Pliny). 

551. The or BepcnvSa (vir-ar, a pumpkin), is illustrated by the 
fruit of the Gkaud, Melon, and other Cucurbitace®, where the calyx 
is adherent, the rind is thick and fleshy, and there are three or more 
seed-bearing parietal placentas, either surrovmding a coitral cavity, 
or sending prolongations inwards. The fruit of the Papaw resembles 
the Pepo, Imt the ovaiy is not adherent to the calyx, 

562. The Hetperidhtm (golden fruit in the garden of Hespeiides) is 
tlie name given to the fruit of the Orange, &c., in which the epicarp 
and mesoearp form a separable rind, and the endocarp sraads prolonga- 
tioDS inwards, forming triangular divisions, in which pulpy cells are 
' developed so as to surround the seeds whidh are attached to the inner 
angla Both Pepo and Hesperidium may be 
considered as modifications of the Berry. 

553. The Pome {ponmn, an aj^c) seen in 
the Apple, Pear, Quince, <S»., is a fleshy fruit 
with the calyx adherent, and forming along 
with the epicarp and mesoearp a thids ceUnlar 
.mass, whiifo is eatable, while the endocarp is 
scaly or homy, and forms separate cells endos- 
ing the seeds. The covering of the cdls is 
sometimes stony, as in the Medlar (fig. 472), 
and the fi^Hy, forming what has been called a Nuculeamm (nucu&z, a 
nut). la &e Medlar, the stony endocarps are called pyrtnoe 

& Ag. *7a—Srnlt of ocsninen Medlar (JfoptftM gtmmiiett). Transrerae section dunring, e, ejii- 
m oaxp. $, iMleocai!]). n, Endocarp itonnlng stony corerings of the seeds. The fruit haa been 
' nnewulism, aod the hard central pyreae. 
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ibe stonQ of the fruit). In CknnuB mas (fig. 473), th«re are two stony 
oeUs, A, surrounded br the fleshy and meaocai^ and as they' 

are close together, and one is often aborfrve ^ . * 

(fig. 473, 2, t), there is a direct tranrition ,./j\ 

554. nehtocent Strnciuvmn Fraito.— 

The Capsule (aqmla, a littic chest),. This V|||w^ 
name is applied gmeraUy to all dry syn- * 

carpous fruits, which open by valves or i" 

pores. The valvular capsule is observed in * 

Digitalis (fig. 445), Hibiscus esculentus (fig. 449), Cedielaangustifotis 
(fig. 450), Mahogany (fig. 451), and Cerastium viscosaun (figi 444). 
The porous capsule is seen in the Poppy, Antirrhinum majus (fig. 462), 
and Campanula pesrsicifolia (fig. 461). Sometimes the capsule opens 
by a lid, or by drcumscissile dehiscence, and it is then called a 
Pyxidium (;^/3ds, a box), as in AnagaUis arvensis (fig. 458), Henbane 
(fig. 459), and Lecythis. The cap^e assumes a spiral fiirm in the 
Helicteres and a star-like or stellate form in Dlicium anisatum. In 


certain instances, the cells of the capsule separate fiom each other, and 
open with elasticity to scatter the seeds. This kind of capsule is met 
with in Hura crepitans, and other EuphorbiacesB, where the cocci, con¬ 
taining each a single seed, btust asunder with force (fig. 453); and in 
Geraniacem, where the cocci containing more than one seed,* separate 
from the carpophore, and become curved upwards by their adherent 
styles (fig. 455). In the former casej the fruit collectively has been 
c^ed Itcgma a rupture). 

555. ^e Siliqua (siltqm, a husk or pod) (fig. 456), may be con¬ 
sidered as a variety of the capsule, opening by two valves; these are 
detached fi:om below upwards, close to the sutures, bearing thin parie¬ 
tal placentas, which are united together by a prolongation called a 
rqalum, or spurious dissepiment, dividing the fruit into two. The 
seeds ore attached on either side of the replum, either in one row 
or in two. When tlie fruit is long and narrow, it is called SiUqm; 
when broad and short, it is called Silmda. It occurs in cruciferous 
plants, as Wallflower, Cabbages, Cresses, &c. The siliqua may be 
considered as formed of two carpels, and two parietal plac^tas united 
together so as. to form a two-c^ed seed-vess^ Some say that In its 
normal state it consists-of four carpels, and that two of these are abor¬ 
tive. There are four bundles of vessels in it, one corresponding to 
each valve, which may be called vahular or periearpial, and othow' 
running along the edge called yj&jcentol.. The r^lum consists of two 


Fig. 478.->-Gniit of Comns mas, common ComeL 1. Transverse eeeHon detaching the tmper 
df the floahy portion, «, so as to show the central kernel, n, S. Transverse Bectl<m oftise 
fruit through the central TOrtfon, n, sho¥ri^ that it consirted (» looulaments. 1% On^df tse 
locolaments empty, the other contuning a seed, p, 

* The Individual coed of Geranlaceea contain only one seed each. 



ekbibxtojtetforations, \}^am^gfei^lTaU{fmes- 
:ra, a At other tames its central portion is absorl^d, so 

hsi l^froit becomes 4(>ne-cdled. 


yj v . thati tekioh are the produce of several Flowers united. 

^i^66. It Sometimes happens that the ovaries of two flowers Unite so 
^^itb ftaian a double firiut. This may be seen in many species of 
But the finnts which are now to be considered consist 
Klbiilfy of the floral envelopes, as well as the ovaries of several flowers 
into one, and are called Multiple or Anthocarpom. 
j 657. The Sorosis (eogie, a congeries or cluster) is a multiple fruit 
ftirmed by a united spike of flowers, which becomes succulent. The 
^^t of the Pine-apple (fig. 474) is composed of numerous ovaries, floral 
riavdopes, and bracts combined so as to form a succulent mass. The 
•i^es outride, c e, are the modified bracts and floral leaves, which, 
H^hen the development of the frui^bearing spike terminates, appear in 
the form of ordinary leaves, and constitute the crown, Other in¬ 


stances of a Sorosis are the Bread- 
frxdt and Jack-finiit. Sometimes a 
fhiit of this kind resembles that 
formed by a single flower, and a 
superficial observer might have some 
difficulty in marking the diflerence. 
Thus, the Strawberry, Mulberry, and 
Easpberry appear to be very like 
each other, but they differ totally in 
their structure. The Strawberry and 
Easpberry are each the produce of a 
single flower, the former bemg a 
succulent edible receptacle bearing 
^hmnlft bn its convex surface; the latter being a collection of drupes 
placed on a conical unpalatable rec^tacle; while the Mulberry (fig. 
475) is a sorosis formed by numerous flowers united together, the 
seal^^^ becoming succulent, and investing the pericarps. 

^ 558. Sjf&mus (»Sm», a fig,) is an anthocarpous fimit, in which the 
jsads,* or riie extremity of the peduncle, is hoUowed, sO as to bear 
hrimerous flowers, aU of which are united in otre mass to form the 
firoit. The Fig (fig. 246) is of this nature, and what are called its 
fl^eds are the a^uraua or seed-vessels of the numerous flowers scattered 



the pulpy hollowed axis. In Dorstenia (fig. 245), the axis,is 


• J ^ ^ . m ' 

474-^AnthocupoBs ilnit of ftniwiniym Bativa, Pine-apple. Ads bearing ntuberons 
flowers, the oyarles or whioh are comUned with bracts, o e, *10 form the^Cmit /, Crpwh of 
?flie Fine-apple copristlng of onp^ biacts or fio^ leaves. 

' Fig. 47&«^AnthocaTpona fruit oi frie HnlbenT* formed by the union of eeveral flowers. 



AStHOCABP^ FBlOrifl 


less deeply hollow^ bad of a harder texture, th6fl^ exHbiting 
very anomaloBis forms. 

559. Strohlus (arfi^Att, fir-CQne,) is a fimit-beamg spike more pi 
less elongated, covered with scales, each of which represents separat* 
flowers, and has two seeds at hs 
base (fig. 476). The scales may bh 
considm^ as bracts, or as flattmed 
carpeUary leaves, and the seeds are 
naked, as there is no tme ovary 
present with its style or stigma. 

This fruit is seen in the cones of 
Firs, Spruces, Larches, Cedars, &c., 
which have received the name c^> 

ComfersB, or cone-bearing, on this 
account. The scales of the strobilus 
are sometimes membranous and thin, 
as in the Hop; at other times they 
are thick and closely united, so as 
to form a more or less angular and 
rounded mass, as in the Cypress 
(fig. 477); while in the Juniper 
they become fleshy, and are so in¬ 
corporated as to form a globular firait Hke a berry (fig. 47S), whid 
has received the name of Gattmlus {gaUmbis, nut of the cypress). 
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S60..~Tabulab Abbangehest or Fbuits. 

A. Fruits formed from a single flower, and consisting of one or more Carpels 
either separate or combined; thns inclnding Apocaipons, Aggregate, ani 
Syncarpons Fruits. 


I. Indehiscent Pericarps. 


1. Usually containing a single seed: 



(Achmnium (Xithospennum). , , 

Separable from the seed,.... <Mericaiv and Cremocarp in UmbeUiferSe, 
(. and Cyp'sela in Compositffi). , 

Achsenia enclosed in fleshy tube of Calyx, .Cynarrhadam ^Rose). ■ 

Inseparable from the seed,.Caryopsis (Grasses). 

Inflated .41tricle (Chenopodium). 

Having a cnpnlate involncmm, Gians (Acorn). 

.Having win^d appendages.Samara (Sycamore). ^ . 


Fig. 47S—Gone of Finns sylvestrls, Scotch Fir, consisting of numerous bracts or floral Iravea, 
eacb of which coven two winded Heeds. These seeds are called nakedf In consequence of not 
being contained in an ovary, wTthn style or etifma, 

seSSdSwb?”*^ ^ CnmuMn* sempervirens, Cypress; one of the GymnospemKras or na«a- 

Fig. 47S.'-oaccti2ent cone or Galboloaof Jnnlpenifi macrocarpa. etett sc^es or. 

btacn united son* to encloseseeda 




Tittctiai 'mur op 



i jpplipft '■ritjt«two-T»lved ^adocstp, having divisions extending from its 
is , . lii^ smihee, Ziyma (Walnut). 

.'4ggi«gate Drupes, Etcerio (Raspberry). 

% Ckmtidning two or more seeds: - 01 , 

Ovaiy notadherent to Calyx, Flacentacentral,..,ITTa (GrttpeX 
. —— —- gPlapenta parietEil,.Fapaw fruit. 

°r"°rrBeparable| Hesperidiutn (Orange). 

r:^,i^'‘.‘Ksrr?.3 

n. Dehiscent Pericarps. 

Opemug by Ventral Suture only,.Follicle (Pseony). 

^emng by Ventral and Dorsal Suture,.Degume (Pea). 

LornentuTn, a Degume separating into distinct pieces, each containing a 
seed (Omithopus). 

Opening fay two valves which separate from a Cen-l Siliqua (Cabbap). 

txal Replnm or Frame,.> Silicula (Capsdla> 

Opening hyTransverseorCircumsrassile Dehiscenc^.Pyxidium (Henbane). 
Opening by several valves or pores, without Ventral\ 

or Dorsal Suture or Replum,./ ^“PS^eQroppy;. 

Capsule adherent to Calyx,...Diplotegia (Campanula). 

A long pod-like Capsule,.Ceratium (Glaucium). 

{^Openfaig by separation of elastic Cocci,.Regma (Hura). 

... B. Fruitt formed by the union of several Flowers, and consisting of Floral En¬ 
velopes, as well as Ovaries; these are Multiple or Anthocarpons. 

Hollow Anthocarpous Fruit.—Syconus (Fig). 

fformed by Indurated Catkin—Strobilns (Fir 

Co&vexAathooaiponsFrmt, j {,y Succulent Spike.—Sorosis (Bread- 

( fruit. 

7.—xaruBATioN os the pbrioaep. 




661. After fertilization, the parts of the ovary begin to swell, the 
ibraiumt of the ovule is more or less closed, the stigma becomes dry, 
and the sfyle mther withers and fells off, or remains attached as a 
hardened process or apiculum; while the embryo plant is developed 
m the ovulo. It has been stated that fruits, su^ as Oranges and 
€lrapes, are sometimes produced without seeds. Iti does not appear, 
therefo^ necessary for the production of fruit in all cases, that the 



















process of fertilization ^ould be complete. In. peaking of 
Oranges, Dr. Bnllar states that the thinneos of the md of n ShiifidiadI 
Oran^ and its freedom from pips, depend on Ihe ja^ of the irefe 
The 70 ung trees, when in frill vigour, bear firuit #ith a thSch pnlp^ 
rind and abundance of seeds; but, as the rigour of the plmit declines, 
the peel becomes^thinner, and tho||jbed8 graduallj diminiA in number, 
till they disappear altogether. 

562. While the fimit enlarges, the sap is drawn towards it, and a great 
eriiaustion of the juices of the plant takes place. In Annttah^ this ex¬ 
haustion is such as to destroy the plants; but if they are prevented from 
bearing fimit, th^ may be made to Eve &r two or more years. Peren¬ 
nials, by acquiring increased rigour, are able better to b^ the demand 
made upon them during thiiting. If large and highly-fravoured fimit 
is desired, it is of importance to allow an accumulation of sap to take 
place before the plant flowera When a very young plant is permitted 
to do so, it seldom brings fiodt to perfection. When a plant produces 
fruit in very large quantities, gardeners are in the habit of thinning it 
early, in order that there. may be an increased supply of sap to that 
which remains. In this way. Peaches, Nectarines, Apricots, &&, are 
rendered larger and better flavoured. When the frmting is checked 
for one season, there is an accumulation of nutritive matter^ which 
has a benefleial effect on the subsequent crop. 

568. The pericarp is at first of a green colour, and performs the 
same frmetions as the other green parts of plants, decomporing car¬ 
bonic acid under the agency of Eght, and Eberating oxygen. As it 
advances to maturity, it either becomes dry or succulent. In the for¬ 
mer case, it changes into a brown or a white colour and has a quantity 
of ligneous matter deposited in its substance, so as to acquire some¬ 
times great hardness; in the latter, it becomes fleshy in its texture, 
and assumes various bright tints, as red, yeEow, &c. In fleshy frruits 
however, there is firequently a deposition of Egneous cells in the endo- 
caip, forming the stone of the fruit; and even in the substance of the 
pulpy matter or sarcocaip, there are found isolated cells of a shnilar 
nature, as in some varieties of Pear, where they cause a peculiar 
grittiness. The contents of the cells near the circumference of succu¬ 
lent frmits are thickened by exhalation, and a process of endosmose 
goes on, by which the thiner contents of the inner cells pass outr 
'.^raids, and thus cause swelling of the fruit. As the flruit advances to 
niaturily, however, this exh^tion diminishes, the water becoming ; 
firee, and entering into new combinations. In all pulpy firuite which 
are not green, there are changes going on by which carbon is separ- 
ated in combination with oxygen. 

564. Dry frruits may remain attached to the free tar some time 
before they are frJly ripe, and ultimately separate by disarticnlatioiu 
Occasionally, when the pericarp ia thiclq it separates in layme l&e ' 






present in tl^ p^carp of the findt, altho^h it occixre commonly 
id/.'the. seed. Li Pl^taios, 3ananas, and .Bread-^mit, however, 
e^edally when see^ess, th^ is a cohsiderahle qnmtity of starchy 
z^ter, giving rise to mealiness when these fruits are prepared as 
Mtters. Oily matters are also found in the cellular tissue of many 
fruits. Thus, a frxed oil occurs in the Olive, and essential oils in the 
Orange, Lemon, Time, Bue, Dictamnuay &c. 

Ii65. During rip^ng, much of the water disappears, while the 
cellulose or lignine, and the deictrine, are converted into sugar. The 
adds also combine jtrith alkalies, and thus the additj of the fruit 
‘fiminishes, while its sweetness increases. In the Grape, when yoimg, 
is abundance of tartaric add; but as the fruit advances to matu- 
this combines with potash, so as to diminish the addity. Certain 
frmts owe their aperient quakes to the saline matter which they 
contain. In seasons when there is little sun, and a great abundance 
df. .moisture, succulent fruits become watery, and lose their flavour. 
T3 ib same Ihing frequently tdtes place in young trees with abundance 
of sap, and in cases where 'a large supply of water has been given 
iBiitificbdiy. 

566. 'i^e following analysis of the Cherry in its unripe and npe state, 
as jpveh by Berard, exhibits generally the chemical composition of 
flrwculent fruits;— 

Chlotupbylle. 

Sugar,.. 

CkuD or dextrine 

Cellulose... 

Albumen... 

Malic add. 

Lime.. 

jVater. 

100-00 10000 

table shows the changes produced on the water, sugar, 
ia'’J.OO parts of twipe aad ripe fruits:—^ 



Vnripe. Ripe. 

. 0 05 . • _ 

. 1-12 . 18-12 

.. 6-01 3-28 

. 2-44 1-12 

.t. 0-21 0.57 

. 1-76 2-01 

. 0-14 0-10 

.88-28 74*86 

















■ w«t»r. -r 
TTnrlp& BIso- 

Ap^t...89-89 74*87 

Fea^......90-81 80-94 

ferries.:.88-9S 7485 

Plnmi.74-87 71-10 

Pears.'.....86-38 88-88 



•V 


• 8-6* ; 18-48 
.?*f0-68 IKl 
1-19, 18-12 
17-71 24-81 
■ 6-46 11-52 


'.ueuQsiw^ 

.... 

.... 1*J 1-11 
.... 3-60 2-19 


567. It is not easy in aU cases t^' detemino &e exact ti^ si 
the fruit is ripe. In dir fisiits, the |»eriod immediately befee denis- 
cence is coui^ered as mt of matnratioii ;' but, in ptilpy fruits, there 
is much nuc^tainty. It is usual to say that edible fruts are ripe, wheh " 
their ingredients are in such a state of combination as to give the most 
agreeable flavour. This occurs at difierent periods’m di^r^t fruits.' 
Afrer succulent fraits aj-6 ripe in the ordinaiy sense,-so as tobe capable’ 
of being used for food, they undergo further changes, by the oxic^tion ^ 
of their tissues, even after being separated from the plant. In some 
cases, these changes improve the quality of the fimit,'as in the casehf , 
the Medlar, .the austerity of which is thus still fuither-diminkh^ Id! ' 
the?'Pear, this process, called by lindley hktting (from the Frendl^^' 
blesai), renders it soft, but still fit for food; white in the AppI^ it'; 
causes a decay which acts injuriously on its qualities. By this process' 
of oxidation, the whole fimit is ultimately reduded to a putr^tctive 
mass," triiich probably acts beneficially in promoting the germination 
of the seeds when the fruit drops on the ground 

668. The period of time required for ripening the fruit, varies in ' 
different plants. Most plants ripen the^fruit within a year from the- 
time of the expansion of the flower. Some come to maturity in a few 
days, others req'uire some months. Certain plants, as some Coniterts, 
require more than a year, and in the Metrosideros, the fruit remains 
attached to the branch for several years, ^e following is a general 
statement of the usual time required for the maturation of different 
kinds of fi-uit:— 


Grasses.13 to 45 < . 

Baspbeny, Strawberry, Cherry..2rBOUths. 

Bird-cherry, Lime-tree..3 -k- - 

Boses, W'hite-thom, Horse-chestnut.4 —^ 

Vine, Pear, Apple, Walnut, Beech, Plum, Nut, Almond, 6 to 8 —; ' 


Colchicnm, Misletoe... ,J6 to 9 -fi": 

Many Coniferse,..4.10 to 18 


SomeConiferse, certun species of Oak, Metrotideros, above 12 —. 

The ripening of fruits may be accelmated by the sqiplication of hea%s' 
by placing dark-coloured bricks below it, and by removing a ring 
bark so as to lead to on accumulation of sap. Trees are sometime^V 
maste to produce firuit,, by cheddng theit roots when too luxurian^v 
and by preventing the excessive development of branohea " ■ 



















aag jgie tihe fruit, tbe process 

'^^fiaS^s fteeonij^iSw I 7 taking a young twig or sdon, 
<p|P^^^^^ttd ‘eau^g it to unite to a ^g^us stem or Ooch, thus 
it to dstivo a larger supply of nutritiTe matter than it could 
^otLemdse obtain, and checking its regetative powers. In place of a 
ontting, a bud is sometimes taken. In order that grafting 
'■■iiisrito- sncees^ly performed, there must be an affinity between the 
grofand the sto<fr as regards their sap, &a. It has often been sup¬ 
posed frtat any kinds of plants may be grated together, and instancerare 
'mentioned byTirgil and Pliny, where difi^ent fruits are said to have 
been borne on the same stocL This was probably produced by what 
f^ch call Qr^ des cAortotens,—-cutting down a tree within a 
short Stance of the ground, and then hollowing out the stomp, and 
^aMng within it several yoimg tr^s of different species; in a few 
yean th^ grow up together so as to fill up the cavity and appear to 
be one. The deception is kept up better, if some buds of the par^t 
iiStock have been k^t alive. 

57ft. The object which gardeners wish to secure by grafting, is the 
improymnmit <rf the kinds of fimit, the perpetuation of good varieties, 
Udutfti eould not be procured fiom seed, and the hastening of the period 
of the fruit-bearing. Grafting a young twig on an older stock, has the 
effect of making it flower earlier than it would otherwise do. The 


abcnmulation of sap in the old stock is made beneficial to the twig, and 
a check is given at the same time to its tendency to produce leaves. 

571. Mr. Knight did much to improve fruits by grafting. He 
believed, however, that a graft would not live longer than the natursd 
■ limit of life allowed to the tree from which it has been taken. In this 


way he endeavoured to account for the supposed extinction of some 
. mmable varieties of fruits, such as the Golden pippin, and many cider 
i^plm of the seventeenth century.* He conceived ffiat the only natural 
rhethod of propagating plants was by seed. His views have not been 
confirmed by physiologists. Many plants are imdoubtedly propagated 
naturally by ^oots, buds, tubers, &a.y as well as by seed; and it is 
certain that the life of slips may be prolonged by various means, mudi 
beyond tiie usual limit of the me of the parent stock. The Sugar-cane 
is propagated naturally 1^ the stem, the Strawberry by runners, the 
Gtmdk-grass by creeping stems. Potatoes and Jerusalem Artichokes by 
; tub^mj the Ti^-lily by bulblets, and Achimenes by scaly bodies, like 
• tobers. The firuits, moreover, which Mr. Knight tiiought had diSap-. 
'tlwaa^ such as Bed streak. Golden pippii^ and Golden Harvey, slM 
; and uny feebleness that they exhibit does not appear to proceed 
jjlbm old but seems to owing to other causes, su^ as tire nature 
. m the sc^cold, violence, and mutilation. Vines have been tnmranitted 


* Bee Kai j^t'e B^tUcnUntal Fapen, Svo, Ixmdon, 1S41, p, 81 
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from »iti Mr. Knight’s gardei^ pRxii0ttsded...]^Spiirfv?^ 
tiom old age, vraa planted in the Sdinbdr^ Boti^ 't^ide^ j^oon 
thirty years ago, and is now a vigorous tree, althon^ lhe ongi^ Stedl^ 
has long since undergone decays It ia true, however, that a ettttiog 
taken a specimen already exhausted hy excessive devek^nnent 
of its parts, will partake of the impaired vigour of 
possess less constitutional energy than that taken frozh. a vigm^fS^Ei^ 

572. In grading, various me&ods have been adopted. Oh^iei^BiiaMt 

is grafting by approacH, or marching, when two growing pkitta nv 
united together, and after adhesion one is severed from its own ato^ 
and left to grow on the other. This kind of adhesion sometimes takra 
place natui^y in treses growing close together^ It is well seen m» 
fir-tree in the burying-ground at KiUln. The branch of the s^e tree 
may also be bent, so as to become united to the stem at twft poimai: 
Tins is often seen in the Ivy. The roots of contiguous trees ocbasionr» 
ally finite by a process of grafting, and to tli^ is attributed 
conMnued vigour of the stump of Spruce-trees cut down on the 
mountaihs. This natural grafting of roots has been observed in tit! 
White Pine (il&iespectihatrt), and sometimes in the Bed Pm.e;. (il^. 
excelsd), as well as in the Scotch Fir (Pinw ^Ivastris). . ; 

573. Tlie usual method of grafting is by scions or slips, which ttfe'; 
applied to, the stock by a sloping surface, er’are inserted into slitt 
in it by cleft-grafting, or into perforations by wimble or peg'rgrtftifi^. 
Si^etimes sevei^ slips are placed in a circular manner, round the 
inside of the bark of the stock, by crown-grafting; 6i the bark of a; 
portion of the stock is removed, and that of the sdoa' is hollowed ,out|. 
so as to be applied over it like the parts of a flute, hence called 
grafting. Budding is practised by the removal of a bud from pse- 
plant, along with the portion of the bark and new wood, and applyii^K 
to another plant, in which a simiiar wound has been made. Grafti^. 
is usually performed between the woody parts of plants, but hdl^*, 
oeous parts may also be uxdted in this way. The graft and stock ale 
secured together by means of day, or a mixture of bees'-wax and 
tallow, or by bits of Indian rubber. 

.574. By grafting, all our good varieties of apples have been pror 
duced from the Crab Apple. The seeds of tha cultivated a|m}es, when - 
sown, produce plants which have a^tendmicy to revert to the original 
sour eSab. Grafted varieties can only be propagated by cuttings. ,v 
influence, exercised by the stock is very marked, audit is of great li 
importance to select good stocks on which to graft slips. In this wtW;' 
the'fruit is often much improved by. a proce^ of ennohUng, as-it »:■< 
called.^ The sdon also seems in some cases to exercise a remarkable^t,’, 
effect on the stock. Shps takmi firom varieties With variegated leavPi^J 
grafted on mm-variegated, have caused the leaves of tiie lattm: 
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assurnfi'TariegBtion, and the efTect, when once established, has con- 
tinafed even after the slip was removed. The effects of grafting arc 
w(^ 8^ in the case of the Red Laburnum, when united to the Yellow 
The Bed Laburnum is a hybrid between the common Yellow 
Labtumum and Cytisus pmpureus, or the. Purple Laburnum. Tlie 
branches below the graft produce the ordinary yellow laburnum 
flowers of large sise; those above exhibit often the small pmple 
hdnirnum flowers, as well as reddish flowers intermediate between the 
two in size and colour. Occasionally, the same cluster has some 
flowers yellow and some purplish. 


8.—SEED OB FERTILIZED OVULE ABItlVKD AT MATURITY. 


575. While the pistil undergoes changes consequent on the dis¬ 
charge of the pollen on the stigma, and ultimately becomes the fruit, 
the ovule also is transformed, and, when fully developed, constitutes 
the seed. After fertilization, the foramen of the ovule contracts, the 
embryo or young plant gradually increases in its interior, by the 
absorption of the fluid matter contained in the sac of the amnios, 
solid nutritive matter is deposited, .and a greater or less degree of 
hardness is acquired. - The seed then is the fecundated mature ovule 
containing the embryo, with certain nutritive and protective appen¬ 
dages. When ripe, the seed contains usually a quantity of starchy 
and ligneous matter, various azotised compounds, as caseine, vegetable 
albumen, oily and saline matters. It sometimes acquires a stony 
hardness, as in the case of vegetable ivory, the seed of Phytelcphas 
macrocarpa Care must be taken not to confound it with single- 
seeded pericarps, such as the Achasnium and Caryopsis, in wliich a 
style and stigma are present; nor with bulbils or bulblets, as in 
Liliiim bulbiferum, and Dentaria bnlbifera, which are germs or separ¬ 
able buds developed without fecundation. 

576. Seeds are usually enclosed in a seed-vessel or pericarp, and 

hence the great mass of flowering plants are called angiaspermous 
Ayyos, or tiyyeioii, a vessel, and a seed). In Conifene and 

Cyoai«5ea)j however, tlie seeds have no true pericarpial covering, and 

fertilization takes place by the ^rcct application of the 
pollen to the seed, without the intervention of stigma or 
style. Hence the seeds, although sometimes jirotected by 
scales, are truly naked, and the plants are cdled gymnos- 
permous {yvutia, naked, and a seed). Occasion¬ 

ally, by the early rupture of the pericarp, seeds originally 
covered become exposed. This is seen in Leonfice, 
Guphea, &c. In Mignonette, the seed-vessel (fig. 479) opens early, 
so as to expose the seeds, which are called semimude. 

Fig. 47a— Fruit or capsule of Beaedu opening early, ao that tbe omiea become seminudo. 
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577. Besides being contained in a pericarp, the seed bas its avm^ 
peculiar coverings. like the ovule, it consists of a rmslms or kernel^'' 
and integuments. In some instances, although 

rarely, all the parts of the ovule are visible | 

in tlie seed, viz., tlic embryo-sac, or quintine, 
the quartine, the tercine formed from the 
nucleus, the sccundine, and the primine. 

In fig. 480, there is a representation of the 
seed of Nymphaja alba, in which s e indicates 
tlie embryo-sac, containing the embryo, e; 
n, the ceUular farinaceous covering (quar- 
tine), formed round the embryo-sac; m t, 
membrtuie formed from the nucleus(tcirciue); 
m i, the secniidine; t, tJje primine. In general, 
however, groat changes take place by the 
development of the embryo; the embryo-sac 
is often absorbcMl, or becomes incorporated 
witli the cellular tLssue of the nucleus; the 
.same tiling occasionally takes place in the 
sccundine, so that in the ripe seed, aU that 
can be detected is the embryo and two 
coverings. The general covering of the 
seed is called spermodet-m (avepfca, seed, 
and Upfccc, covering). In oi’der to correspond with the name applied 
to the covering of the fiiiit, it ought more properly to be denominated 
{vepi, arotmd, and seed). This latter term, however, 

has been apjiropriated to a certain portion of the seed, to be afterwards 
noticed tmder iJic name of allrmimt. 

578. The Mpermoderm usually Consists of two parts, an external 

membrane, called the ejmperm or teeta {sm, upon, or on the outside, 
and a seed, or testa, a shell), and im internal membreme, called 

cndopleura {sulon, witliin, and xAeuj*, side). The former may consist 
of a union of the primine and sccundine, or of the primine only, when 
as occasionally happens, the sccundine is absorbed; tlie latter, of a 
combination between the membrane of the nucleus and the embryo- 
sac, or of one of tliese parts alone. Sometimes the secimdine remains 
distinct in the seed, forming what has been called a mesoderm {peiats, 
niiddle); and when it assumes a fleshy character, it has received the 
name of sarcosperm or sarcoderm flesh). 

579. The ispi^nu consists of cellular tissue, which often assumes 



m t, Tercine or membrane of tbe nucleus' fa, Far! naccons external yciifliicnii or aJtmmen tonneo 
by the nudouR, and probabiy eonstitnliog tbe quartine of MirlKd« a e, a e, Intumal perlaperm 
or endosperm formed by tbe embryo-sac. e, The embryo. 
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vaiioiHjWbars,' anji becomes more or less hardened by depositions in 
its w Abrus precatorins, and Adenanthera pavonina, it is 

of» bj^bt red colour; in French besms, it is beautifully mottled; in 
the.Ainond, it is veined; in the Tulip and Primrose, it is rough; in 
the Snapdragon, it is marked -with depressions; in Cotton and Ascle- 
piias, it has hairs attached to it; and in Mahogany and Bignonia, it is 
expanded in the form of wing-like appendages. In Salvia, Collomia, 
Acanthodium, and other seeds, it contains spiral cells, firom which, 
when moistened with water, tiie fibres uncoil in a beautifiil manner, 
having a membranous covering. In the episperm of the seed of 
tjlmus campestris, the cells arc compressed, and their sinuous bound¬ 
aries are traced out by minute rectangular crystals adhering to their 
‘ walls. 

580. Tiie Snaopieara Ls also cellular. It is ofkm thin and trans¬ 
parent, but it sometimes becomes thickened. It is applied more or 
less closely to the embryo, and sometimes follows a sinuous course, 
forming folds on its internal surfiice, and separating from the episperm. 

When the embryo-sac remains distinct fiuin tlie nucleus in the seeds, 
as in Nymphtea, Zingiber, Piper, «Scc., it forms a covering to which 
the name of vitellus (vitelkts, yolk of an egg) was given by Caatoer. 

581. AvHlat.—Sometimes there is an additional covering to the 
seed, derived fi'om an expansion of the ftmicnlus or placenta .after 
fertilization, to which the name arillm has been given. Tliis is seen 
in .the Passion-flower, where the covering commences at the base, and 
proceeds towards the aiicx, leaving the foramen uncovered. In the 
Nutmeg and Spindle-tree, this additioniil coat is said to commence at 
the side of the exostomc, and to proceed from above downwards, con¬ 
stituting, in the former case, the substance called mace; and in the 



2 3 4 

4 * 


latter, the bright scarlet covering of the seeds (figs. 481, 482). In 
•, such instances, it has been called by some an arUlode. This ariUode, 
'■ after growing downwards, may be reflected upwards, so as to cover 
the foramen. 

fig. 481 .—% 3, and 4^ Vaiicu.^ states of the arillus of Soonymns, the Spindlo-troe. T^ie 
figures i^ow we mode in witich it is devdoped from tlic edges of tuo fonunen. a a a a, Arilbde. 
/?/ft Foramen or exostome. *• 
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582. On the testa, at -variotis points, there are prdduced at times 
cellular bodies, which are not dependent on fertilization, to which tiie 
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name of fitrophioles (strophiolum, a little garland), or carunailes (carmt- 
i‘ula, a little piece of flesh), has been given, the seeds being strophio- 
latc or carmiculate. Tliesc tumours may occur 
near the ba.se or apex of the seed, they may be ^ 
swellings of the exostome, as in Eicdnus (fig. 483 c), 
or tliey may occur in the coiu-se of the raphe. J 

583. Seeds are attached to the placenta by 
inemis of a fiiniculus or umbilical cord, which 
vari(.'s much in length. In Magnolias it attains a 
great length, and when the seed is ripe it appears ■ 
like a cord suspending it from the follicle. Tlie 
point of the Seed by wliicli it is miited to the cord 
or the sear left on its sepiiration, is called the /iihm or umhiUms, and 
represents its base. It frequently exhibits marked colours, being 
black in tlie Bean, white in many species of Phaseolus, c^c. It may 
occupy a small or hirge surface, according to the nature of the attach¬ 
ment. What con.stitutes the foramen of the ovule, becomes the 
micropple (^/xgd;, smidl, and b-iJto), gate) of the seed, with its exostome 
and endostome. This may be recognizable by the naked eye, as^ in 
the Pea and Bean tribe. Iris, &c, or it may be very minute and 
microscopic. It indicates the true apex of the seed, and is important 
as marking the part to which the root of the embryo is directed. At 
die micropyle in the Bean, is obs^ed a small process of integument, 
which, when the young plant sprouts, is pushed up like a lid, and is 



IKtsidon. are four succf^ivc stages of devolopment. In fig; 4, the ariilus has been cut 

vcrtlcallj, to show Its relation to the orulc, which it surrounds a)miuetely. 

4^>~Vei‘tica1 section of a carpel Kiclnus eomnmnis, and of the seed which it contains. 
«. IJjTlcarp. I, Loculament /, Funiculus or umbilical cord, f, Integuments of the seed, baring 
at their apex a canmculo, c, which Is travereecl by the small canal <u the exostome. Tlie exos> 
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called enibryotega (tego, I cover.) Tlie fibre-vascular bundles, from 
the placenta pass through the ftinicuhxs and reach the seed, either 
entering it directly at a point called the ompltalode (oft(pcihos} navel,) 
■nrhich forms part of the hilum, or being prolonged between the outer 
and inner integument in the form of a raphe, and resiching the chalmu 
or organic base of the nucleus, where a swelling or peculiar expansion 
may often be detected, as in Crocus. In fig. 480, the spiral vessels, 
r, are seen entering the cord, f, passing through tlic hilum, h, forming 
the raphe, r, between the te.sta, t, and endoplewa, m i, and ending in 
the chalazal expansion, c. So also in fig. 484, where /is the fimi- 
culus, r the raphe united to the hilum and chalam, c, whence vessels, 
V, penetrate the seed. In some seeds, as Nartheeium ossiiragum, the 
vessels are said not to appear till after fertilization, and in Habenaria 
_ viridis, none have been detected. The chalaza is often 

d * diflerent colour from the rest of die integuments. 

M I, In the Orange, it is of a reddish-brown colour. Some- 
•g i'. i times, however, its structure can only be recognized 

^ by careful dissection. It indicates the cotyledonary 
extremity of the embryo. The hilum and ch.'dfiza 
c may correspond, or they m.ay be separated from each 
other and imitcd by the raphe (fig. 484). Tlie raphe 
is generally on the side of die seed next the ventral suture. 

584. The positions of die hilum, micropyle, and chalaza, fue of 

importance in determhiing the nature of the seed. The hilum is the 
base of the seed, and the micropyle its apex, whilo the chalaza is the 
organic base of the nucleus. The hiliun and chalaza may correspond, 
the micropyle being at the opposite extremity, and then the seed is 
orthotropal (o;fo(, straight). The seed may be curved so that the 
micropyle is close to the hilum, and the chalaza, by the growth of the 
seed on one side, may be slightly removed from the liilum, dien die 
seed is ccmpyhtrnpal curved). The micropyle may be 

close to the hUum, and the chalaza in the progress of development 
may be removed to the opposite end, then the seed is anatraped 

I reverse).* 

585. The position of the seed as regards the pericarp, resembles 
that of the o'vulo in the ovary, and the same terms are applied—erect, 
ascending, pendulous, suspended, curved, &c. (figs. 423, 424, 425, 
426, 420.) These terms have no rfifercnce to die mode in which the 
firuit is attached to the axis. Thus the seed may be erect while the 
fruit itself is pendent, in the ordinary meaning of that term. The part 
of the seed next the axis or the ventral suture is its face, the opposite 
side being the back. Seeds exhibit great varieties of forms. They 

* See T 467, where these terms are more fully explained when treating of the onUe. 

Fig. 484,-»Seed of the Hazel. /, Funiculus, r, Raphe, c, Chalaza. n, Veins spreading in a 
tadlaong manner over the integuments of the seed. 
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may be flattened laterally, compressed; or from above downwards, 
depressed. They may be round, oval, triangtdax, polygonal, rolled up 
like a snail, as in Physostemon; or coiled up like a snake, as in Ophio- 
cfiryon paradoxum. ■ 

586. The great object of fertilization is tlie formation of the embryo 
in the interior of the seed. In general, one embryo is produced, con¬ 
stituting what is denominated nwnemhryony (ponof, one); but in Coni- 
feKB, Cycadaceaj, Misletoe, «&c., there are firequently several embryos, 
giving rise to what is called polyemJln'jfon.y (a-oxuf, many). Sometimes 
two embryos become united together in the same seed In the coni¬ 
ferous seeds, ntimerous corpmsclos fire seen whence the embryos pro¬ 
ceed. The process of fertilization has already been traced until the 
embryo appears as a rounded cellular body, enclosed in the embryo- 
sac, and attached to a suspensor. In fig. 480, e is the embryo, and 
■s- e the embryo-sac. In this sac there is at first a mucilaginous fluid, 
the amnios, in which cells iwe speedily developed, commencing on its 
inner surface, and extending towards the interior. The embryonic 
cell (fig. 485 v), still attached to the sac by its suspensor, s, contains 
in the early state semifluid granular matter, which becomes organized, 
producing distinct nucleated cells (fig. 485, 2, c). These gradually 
multiply, and form at length a celhdar mass, at first undivided (fig. 
485, 8, c), but afterwards showing a separation of parts, so that the 
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axis and lateral projections or rudiments of leaves can be distinguished. 
In figs. 48C to 491, all the stages of the formation of embryo can be 

Vig. 485.- First development of the embryo ofd>raba vema. o. Sasp^sor, which in this plant 
Ir very long. v. Embryonic or genalnol vesicle, e, Embrya 1. First stage, In which the 
c.nbiyonic vesicle only is seen. 2. Second showing several cells foimod In the embryonic 
vcfiAcfe. 3. Third stage, in which embryo becomes more conspicuous in consequence of the 
formation of numerous small cells. 

Hg. 486.—.Mcmooitylcdonous embryo of Fotamogeton perfoUatus in its early stage, appearing 
as a vesicle or simple cell. 

Fig. 487.—The same farther advanced, rfiowing radicle, ;»•, gemmule or plumule, ff, and the 
cotyledon, c. 

Fm. 488.—Dicotyledonous embryo of CEnothera craasiiKSs in its early stage, appearing as a 
veslme or cell. 

Big. 4^J.—The same ftirther advuiced, showing three united utricles or cella 

Big. 490—The same more developed, lowing numerous cella 

Fig. 49L—'Hie same in a more developed state, showing radicle, r, gemmule, and cotyle* 
dons, c ft 
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traced; appearing first as a ^ple cell (figs. 486, 488), forming others 
Jn its interior (figs. 489, 490); and finally, the parts of the embryo 
becoming visible, as in fig. 491, where gris the axis representing the 
stem and roots, and c c are the lateral projections, which arc developed 
as 1^-like bodies, called cotyledons {x.aru'h'nluv, the name of a pl^t, 
having leaves like seed-lobes). 

. 587. PerUperm me Aibamen. —As the embryo increases in size, it 
gradually causes absorption ofi^e cellular tissue in the embiyo-sac, and 
it is sometimes developed to such a degree as to reduce the nucleus and 
embryo-sac to a thin integument. In such a case the seed consists of 
integuments and embryo alone. In Santalum, Osyris, and Loranthus, 
Griffith .says the ovule is sometimes reduced entirely to a sort of embryo- 
nary sac. In Avicennia, the embryo, at its maturity, is on the outside of 
the nucleus and body of the ovule. In other cases it enlarges to a certain 
extent, filfing the embryo-s.'ic completely or partially, and only encroach¬ 
ing slightly on the cells of the nucleus. The cells surrounding the em¬ 
bryo then become filled with a deposit of solid matter called allmmeiL, 
consisting of starchy, oily matter, and nitrogenous compounds. To 
this matter some have applied the term perkpeiin (wefi, around, and 
seed); others, that of etidosperm (hdee, within). The name 
pempermic aJtmmen, or peiisperm, is often restricted to that found in 
the cells of the nucleus alone (fig. 480 «); etidospermic albumen, or 
endosperm, to that found within the embryo-sac alone (fig. 480 s e), as 
in Chelidonium majus, lianunculacete, UmboUifera;, &e. Sometimes 
both kinds of albumen occur in the same seed, as in Nymphasaceaf 
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and Piperaceo;. Schleiden states, ^hat in some instances the albumen 
is produced in the region of the chalaza. He also remarks, that endo- 
spermic albumen is common in Endogens. In some Scrophularias, the 

Fig. 49?.—AnaWopal mature Boed of Helleborus niger cut vertically. The embryo, e, is small 
aa compaied with the perisnerm or albunon, p. I, Spermoderm or coverings m the seed. 
Funiculus, hy Hilum. e, Coalaza. 

Ig. 498.— Mature seed of Piphylleis peltata, showing w embr3ro,«, which occupies a larger 
oon of the seed than in fig. 494. Letters indicate the same parts as in 'ttie provions figure, 
ig: 494.—seed of Berberis vulgaria exhibiting a larger embryo, e, as compared wi^ the 
lq>erm, ps Letters as in figs. 492 and 493. 
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embryo-sac forms little cavities or bags, which in the ripe seed remain 
as appendages to the albumen. Seeds in which the embryo occupies 
the entire seed, are called exaUmrnxmim (ex, without), as Composite, 
(’rucifene, and most Lcguminosas, while others having separate albumen 
are albumm&us. The krgcr the quantity of albumen in a seed, the 
smaller the embryo. In figs. 492 to 494, the relative proportion which 
the embryo bears to the albumen or perisperm in difierent seeds is 
shown; e being the embryo with its Ijptyledons and young root, p 
the perisperm, t tlie coverings of the seed, / the funicuius or cord, 
h the hihun, and c the chala^ In fig. 492, the embryo is minute, 
aud occupies only a small part of the apex of the idbumen; in fig. 

493, it is larger, and has eneroachod on the perisperm; while in fig. 

494, it is stiU more developed, much of the albumen having been 
absorbed. 

588. Tlie albumen varies much m its nature and consistence, and 
furnishes important characters. It may be farinaceom or mealy, con¬ 
sisting chiefly of cells filled with starch (fig. 495), as in Cereal grains, 
where it is abuncUint; fleshy or cartilagincms, consisting of tliicker cells 
which are still soft, .sis in the Coco-nut, and which sometimes contain 
oil, iis in the oily albumen of Croton (fig. 490), Ricinns, and Poppy; 
Iwrny, when tlie matter in the cells is of a hard consistence, and often 
aiTanged in a concentric manner, so as nearly to fill the entire cavity, 
as in I)ate, Ivory-Palm, and Coffee. Tlie albumen may be uniform 
throughout, or it may present a mottled appearance, as in the Nutmeg, 
the seeds of Anonaceai, and some Palms (fig. 497), where it is called 



•I’umnated. Tliis mottled appearaBce depends on the endopleura or 
inner integument forming folds on which the albumen is deposited, 
and when the seed is ripe, these foldings of the membrane divide the 
albumen in a sinuous or convoluted manner. 


Pig. 49e.-Section of a small portion of the farinaceous perisperm or allramen of ZeuMals, 
In^n com. cue, Celia. ///, Grains of starch in tlie ceUa 
Fig. 49G.—Section of a BmaU portion of the oily i>erlq>erm or albtmien of Croton 
cccCf CeUa A A ^ Drops of oil contain^l in the cclla 
Figs 4tf7.>-Vcrticu section of the f^t of Araca Catechu, c, Perianth. / Pericarp. lUuni- 
nated perisperm or albumen, a Embryo. ^ 
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589. The albumen is a store of matter laid up for the nourishment 
of the embryo. In the Coco-nut and doubld Coco-nut, it fcrms the 
great bulk of the seed, weighing many ounces, while the embryo is 
minute, weighing a few grains, and lies in a cavity at one extremity. 
In Coffee, the albumen is the homy portion, the inftision of which is 
used for a beverage. In Phytelephas it is called vegetable ivory from 
its hardness, and is used for the same purposes as ivory. In the homy 
albumen of this Palm, as w^ as in that of the Attdea funilcra, die 
Date and the Doom Palm, the concentric deposition of secondary 
layers, leaving a small cavity in die centre of the cells, and radiating 
spaces tmcovered with thickening matter, is well seen under the 
microscope. 

590. The embryo consists of eotyledom or rudimentary leaves, the 
plumule {^plumula, a ^.tde feather), or gemmule {gemma, a bud), repre¬ 
senting die ascending axis, the radicle {radix, root), or the descending 
axis, and their point of union the collum, collar or neck; that part 

of the axis which intervenes between the collar and cotyledons 

© being the cauMcuk {cauliculus, a little stalk), or dgelle {tigellm a 
little stalk). Tlie embryo varies in its structure in the Afferent 
divisions of the vegetable kingdom. In acrogenous and thallo- 
genous plants, it continues as a cell or spore, with granular, 
matter in its interior (fig. 498), without any separation of parts or 
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the production of cotyledons. Hence these plants are called acotgle- 
ddnoMS (« privative *oT»^i!S<ii>). Endogenous and Exogenous plants. 



Pig, 498.—Aeo^ledonottfl embryo of Marchantia polymorpba. Such embryos bear tfao name 
ofsporos. 

Iig. 499.—Monocotyledonons embryo of Potmnogeton porfoliatus nearly mature, r, Kaoieie. 
L Cf^cule or tigellua c, Cotyl^on. Gemmule or plumule. 

Fig. 500.—Matoe dicotylcdfmous embiyo of tho common Almond, r, Radlde or root 
Fig. 501.—The some, with one (tf the cotyledons removed, r, Radicle, t, Tigelle'or caulicnle. 
c, One of the co^ledons left f c, Cicatrix 1(^ at the place where the other cotyledon was at* 
tacdied. g* 'Gemmule composed of several small leaves. 
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on the other hand, exhibit a marked separation of parts in their 
embryo, the former having one cotyledon, and hence being mono- 
cofykdonms {ftouos, one); the latter two, and hence Mcotyledmma (2j[, 
twice). ITius, the whole vegetable kingdom is divid^ into three 
grand classes by the nature of the embryo. Fi^ 499 represents a 
inonocotyledonous embryo, with its cotyledon, c ; while figs. 500 and 
501, exhibit a dicotyledonous embryo, with its cotyledons, c c. 

591. The stpore of acotyledonous plants (fig. 498) Is a cellular 
body, from which a new plant is produced. Germination takes place 
in any part of its surface, and not from fixed points. Some consider 
it a.s produced independent of any process of fertilization, others con¬ 
sider the miion of two kinds of cells as necessary for its formation. 
When formed, it sometimes presents filaments or vibratile cilia on its 
smface (figs. 431-434), by means of which it moves about in fluids like 
some of tile Infusoria. When it germinates, these cilia disappear. 
.Sometimes spores arc rmited in definite numbers, as in fours, sur¬ 
rounded by a cellular covering, or perisjwrc (xeji, around, and airaqa. 
a spore), or aporuUum, and thus forming the reproductive body called 
a tetraapm-e (rsTjar, four), which is common in Algaj. 

592. Embryo.—^In the mbrjio or corciilum (cm'cnlmT^ a little heart), 
the first part formed is the oris, having one of its extremities turned 
towards the snspensor, and the other in the opposite direction; the for¬ 
mer indicatmg the j)oint whence the yomig root or radidc is to pro¬ 
ceed, and the latter tliat whence the leafy stem is to arise. As the 
first leaves produced arc the cotyledons, this stem is called tlie cotyU- 
(ktnary extremity of the embryo, while the other is the radicular. 
The Kidicular is thus continuous with the suspeusor, and consequently 
points towards tlio micropyle (fig. 494 h), or the summit of the nu¬ 
cleus, an important fact in practical botany; while the cotyledonary, 
being opposite, is pointed towards the Vjase of the nucleus or the 
chal^ (tig. 4 94 c). 1 lence, by ascertaining the position of the micro¬ 
pyle and chalaza, the two extremities of 5ie embryo can in general 
be discovered. In some rare instances, in consequence of a tlucken- 
ing taking place in the coats of the seed, as in Kicinus (fig. 483), 
and some Euphorbiace®, there is an alteration in the micropyle, so 
that the radicle does not point directly to it. 

593. The part of the axis which imites the radide and thd cotyle¬ 
don or cotyledons, is denominated Vaulicule or tigelle (figs. 499 t, 
501 t). This is sometimes very short. From the point where the 
cotyledons are united to the axis, a bud is developed (in the same 
way as from the axU of leaves); this bud contains the rudiments of 
the true or primordwd {prmm, fost, and or do, rank) leaves of the plant, 
and has been called plumule or gemnvule. This bud may be seen 
usually lying within the cotyledons. Thus, in fig. 501, the embryo 
of the Almond exhibits the gemmulc, g, lying on one of the cotyle- 
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dons, the other haying been removed and leaving a cicatrix, ic; while 
in fig. 499, the gemmule, g, of Potamogeton perfbliatus, is covered by 
the single cotyledon, c. 

594. The gemmule as well as the cotyledon are sometimes obscurely 
seen. Thus, in Cuscuta (fig. 502), tlie embryo appears as an elon¬ 
gated axis without divisions; and in Pekea 
butyrosa (fig. 508), the mass of the em¬ 
bryo is made up by the radicular extremity 
and tigeJle, t, in a grove of which, s, the 
cotyledonary extremity lies embed ded, which 
when separated, as in the figure, shows only 
very small cotyledons. In some monocotyle- 
douous embryos, as Orchidaccae, it requinw 
a microscopic examination to detect the 

cotyledonary leaf. 

• 595. raonocoirlcdonona KmbiTo* —lu this embryo, the single cotyle¬ 
don in general encloses the gemmule at its lower portion, and exliibits 
on one side a small slit (fig. 604/), which indicates tlie edges of the 
vaginal, or sheathing portion of the cotyhdontuy leaf. Tlie 
embryo presents commonly a cylindrical form, roimded at the 
e.xtremities, or a more or less elongated ovoid (fig. 504). At 
first sight there seems to be no distinction of parts; but on 
enreful examination, by moistening the embryo, and making 
a vertical section, there will be detected, at a variable height, 
a small projecting mammilla, buried a little below the surface. 
This is the gemmule which marks the toi'mination of the axis. 
JVom the lower extremity proceeds the radiculai’ portion (fig.s. 
499 t r, 504 r), which may be said to represent lioth'the tigelle 
and radicle. ’ The upper portion or chalaxal end of the em¬ 
bryo, is the cotyledon (figs. 499, 504 c), which is sheathing at 
its base, so as to enclose the gemmule. The length of the radioidar 
portion, or that below the gemmule, varies. It is usually shorter than 
the cotyledon, and is denser in structure; but in some instances it 
becomes much larger, giving rise to what has been called a macra- 
podous embryo {ftKage:, long, and mi;, a foot), 'llms, in fig. 505, 
t represents the long radicular portion in the young state, whence 
ultimately the root, r, proceeds. Occasionally, the radicular portion 
becomes very thick and large, to as to form a considerable portion 
of the embryo; and in all monocotyledons, it may be considered as 

W 

d08L—Sh^ral embiyo of Cuscuta or JMder. 

503.—EmbtyaoftekBa, butyrosa. Thick tlgoJlc or caullcid^ forming lusarly the whole 
bocomlng m^^TOwed and cnired at its extremityf and applied to tile mxmre, In the 
e this nanwed portion is slightly separated the groove, c, Tvro rudimentary 
Tledona, 

!^0O4.~£inbi7QOfTriglochlnBarrelierL r, Radicle. Slit correspoDding to the gemmule. 
ft Cotyledon. * 
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an enlarged mammillary projection, Mrlience the rootlets proceed by 
bursting through it, and. carrying wth them a covering or sheatli 
(f 127, fig. 124.) 

596. When considering endogenous or 
monocotyledonous stems, it was shown that 
the leaves are produced singly and alter¬ 
nately, in a sheathing maraier, each em¬ 
bracing the subsequently developed bud. 

So it is in the monocotyledonous embryo. 

Tliere is a single leaf or cotyledon pro¬ 
duced, and if in any instance there is more 
than one, it is cJtemate with the first 
formed. The cotyledon (fig. 504 c) is 
folded either partidly, as in Dioscorca, or 
completely. Its sheatliing imrtion (vagiira) 
embraces the bud or gemmule, which 
appears as a mammiUiuy projection; its 
position being indicated by a cleft or slit 
(fig. 504 /), where the edges of the sheath 
unite. All the portion of the embryo above 
the gemmule, is the cotyledon; all below, 
the radicle. 

597. Vicotrledonons Embryo. —^DiC form 
of this enibiyo varies much; and although 
sometimes resembling in its general aspect 

that of monocotyledons, yet it is always li|._ 

distingmshed by a division taking place at 
the cotyledonary extremily,_ by which it is 
separated into two, more or less evident, 
lobes. The parts of this embryo are easDy 
traced in the Bean, Pea, Acorn, and Almond. 

In the latter (fig. 500), the embryo has an 
oval form, consisting of two thick cotyle¬ 
dons, V e, and a radidc, n When one of 
the cotyledons is removed (fig. 501), leaving 
scars, i c,' the gemmule or plmnule, g, is 
seen included between them, with its cauii- 
cuie or tigeUe, t. * 

598. The cotyledons, are not always, 
however, of the same size. Thus, in a. 
species of Hiraja (fig. 506), one of them, o', is smaller than the other; 
and in Ciuupa guianensis (fig. 507), there appears to be only one, 


Fig. SOS.—^Monocotyleitonmui cjnSryo of Zannichollia palaatris germinating, m, CoHuin or 
neck, the point Intermediate between the stem or tlgeile, t, and the radicle or root, r. e, Cotyle¬ 
don. g, Gemmule or pliunttle. . 
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in consequence of the intimate union which takes place between 
the two as indicated by the dotted line, c. Tlie union between the 
ootyledonaiy leaves may continue after the young plant begins to 
germinate. Such embryos have-been cs&edi psemh-monocotyledotums 
lalse.) When there are two cotyledons, they are opposite to 
each other. In some cases there are more than two present, and then 
they become verticilJate. This occurs in Coniferai, especudly in the 
Fir (fig. 508), Spruce, and Liirch, in which six, nine, twelve, and even 

2 


r 
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fifteen have been observed. They are linear, and resemble in tlieir 
fonh and mode of development the clustered or fasciculated leaves of 
the Larch. Plants having numerous cotyledons are occasionally deno¬ 
minated polycotyUdunmis. Duchartre tlunks that the. multiple cotyle¬ 
dons of the Firs are not vcrticillate, but occur in two opjmsitc groups, 
placed like two ordinary cotyledons. Uence he. considers the plants 
to be truly dicotyledonous, with the cotyledons deeply divided hito a 
ntunber of segments. Between the two cotyledons there Ls a slit which 
is well seen in Piiius Pinaster and cxc^sa. Thus, the arrange¬ 
ment of the cotyledons follows the same law as that of the leaves in 
dicotyledonous or exogenous plants, being opposite or verticillate 
according to the mode of formation of the axis. 

599. The texture of the cotyledons varies. They may be thick, as 
in the Bean, exhibiting only slight traces of venation, with their flat 
internal surfaces in contact, and their backs more or less convex; or 
they may be in the form of thin and delicate lamiuas, flattened on both 
sides, and having distinct venation, as in Ricinus (fig. 509), Jatropha, 
Euonymus, &c. In the former ease they are called flesky, or seminal 
lobes; in the iMjer^foUacemis, or seminal leaves. 

600. Cotyledqlt usually entire and sessile. But they occasionally 

Fig. 506.>-ETnb:^^^IlircDa SHizmanniuna, cut ycitically, to (tliow the iiu*qnality of the two 
o^^ons, one e, forms almost tUo whole mass of the embryo, d, Tiie small <'otyle> 

on. Gemmule or plumule, r, Radicle. 

Ptg. 507.—Embryo of Carapa golanensia, cot vertically, to show the union of the cotyledons, 
he dlstinotton between which is only indicated by a faint line, e. r, iiadich;. g (Jeminule. 
^.hOa.—Embryo of Fir. 1. Taken from the seed. 2. Be^nnlug to germinate, r, Ratiicle. 

, Cu^wone, which are numerous; the plant being polycotyledonons. 
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])econie lobed, as in the Wdnut and the Lime (fig. 510), where the 
cotyledon, c, has five lobes; or petiolatc, as in Gr^anium molle (fig. 
511 ^); or auriculate, as in the Ash (fig. 512 o). lake leaves in the 
bud (see Vernation, IT 184), cotyledons may be either applied directly 
to each other (fig. 509), or may be folded in various ways. In the 
Almond (fig. 500) they he in the direction of the axis. In other oases 
they are folded laterally, conduplicate (fig. 513); or from apex to base. 
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rmlinate (fig. 205 a); or rolled up laterally, so as partially to embrace 
each other, convolute (fig. 514); or roUed up like the young fronds of 
lenis, (iremate. (fig. 515). In these cases, both cotyledons follow the 
same direction in their foldings or convolutions; but, in other in¬ 
stances, they arc folded in opposite directions, resembling the equitant 
(fig. 205 m) and semi-cqtdtant (fig. 205 ») vernation. 

GOl. The radicle may be either straight or curved, and, in pfuticular 
instances, it gives a marked character to the seed. Thus, the divisions 
of the order Crucifera3 are founded on the relative position and folding 
of the radicle and cotyledons. In the division Pleurorhizece (vMv^el, side, 

' Kmbryo of Ricinns comnitinia taken out of the seed (see fig. 483), and ent trans* 
vt i fk'ly, Tlic two halves are separated so as to sbinv tlie two cotylf^ons, e, applied to eacli other, 
f. Uiidiclc. 

hlg. 510.—Enjliryo of the Lime, r, Radicle, r, One of the divided or palmote eotyledona 

Fig. 51L—Einbiyo of Geranium molle. r, Itadlcle. r, Cotyledons attached to me collar by 
a st^k or potiole, p. 

Fig. 512.—Embryo of the Ash. r. Radicle, r, One of the cotyledona o o, Auricular api>en- 
da^ to the cotyl^on. , 

rig. 513.--Embryo of Bras8icaoleracea,Csbbage. r, Radicle, c; Cotyledon. 1 . Entire emb^o, 
2. Embryo cut transversely, showbig tlio cotyledons futled on the radicle or conduplicate. Ahe 
radicle is dorsal, or on the back erf the cotyledona 

Fig. 514.—^Embryo of Punlca Granatura, Pomegranate, cut into halvea The h»df 

removed to show the convolute cotyledona r, R^cle. 

Fig. 515.—Cindnate embryo of Bunias ortentalia 
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10(A), ^e cotyledons are applied by thw faces, and the 
TaiStle (figs. 516, 517 r) is folded on tiieir edges, so as to be lateral, 
■wbile the cotyledons, c, are accumhent {accumho, I lie at the side). In 
Notorhizece (»aTo», back), the cotyledons (fig. 518 c) are applied to each 



other by their faces, and the radicle ■/•, is folded oti their biiek, so as 
to be dorsal, and the cotyledons are irmimhent (mcMwoho, I he Upon or 
on the back). In Orthoplocem straight, and ir’Kawt, a plait), the 

cotyledons are cundupUcate (fig. 513, 1, 2, e), while the radicle, r, is 
dorsal, and enclosed between then’ folds. In other divisions, the radicle 
is folded in a spiral manner (fig. 515), and the cotyledons follow the 
same course. In tlie Dodder (fig. 502), the embryo appears as an 
axis without divisions, having several turns of the spiral on different 
planes. 

602. Tlie seed sometimes is composed of the embryo and integu¬ 
ments alone, the former being either .straight or folded in various ways, 
as already shown. Li other cases there is an addition of perisporm or 
nutritive matter, in greater or less ((uantity, according to the state of 
development which the embryo attaius (figs. 402, 403, 494). When 
the embryo is surrounded by the perisperra on aU sides except its 
radicular extremity (fig. 494), it becomes internal or intrarim {intro, 
within); when lying oulmde tlie perisperm, and only coining into con¬ 
tact with it at certain points, it is external or extimius (extra, without). 
When the embryo follows the direction of the axis of the seed, it is 
oaafo or axial, and it may be either external, so as to come into contact 
with the perisperm only by its cotyledonary apex (fig. 519), or internal 
(figs. 492, 493, 494). In the latter case, the radicul^ extremity may, 
as in some Coniferse, become incorporated with the perisperm appa¬ 
rently by means of a thickened suspensor. When the embryo is not 
in the dueotion of the axis, it becomes abaxile or cdmxial (fig. 520 e ); 


Hg. 616.—Embryo of a Pe^ cut transTerecly. Upper luUf scimrated to sliow the fleshy accum- 
bent cotyledons, c. f \Itadlcie applied lateruUy. 

^ Fig. 517.'^£mbryo oi Isatis tmctorio. c, Accombent cotyledons, Kadlclc. 1. Embryo 
iitire. 2. Transverse section c^the embryo. 

Fig. 618.*~£m^yo of Gheiranthus Cheiri, Wallflower, c, Incumbent cotyledons r, Bodiclc. 
. Embryo entire. % Transverse sectiou of ttie embryo. 
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and in this case it may be either straight or curved (fig. 521), internal 
or external. In the straight seed of Grasses, the perisperm is abun¬ 
dant, and the embryo lies at a point on its surface, immediately below 



the integuments, being striught and external. In Campylotropous 
ovules, the embryo Ls curved, md in place of being imbedded in peri- 
sperm, is firequently external to it, following the concavity of the seed 
(rig. 522), and becoming pcriphericcd I cany round), with 

the chaliuuv situated in the curvatiu'c of the embryo. 

603. It liiis been already stated, that the radicle of the embryo is 
directed to the micropyle, and the cotyledons to the chalaza. In some 
cases, by the growth of the integuments, the former is turned round 
so as not to corresj)ond with the apex of the nucleus, and tlien the 
embryo has tlie radicle directed to one side, and is called excentric, as 
is seen in Primulaoeas, Plantaginaceaf, and many Palms, especially tlie 
Date (fig. 520). The position of the embryo in diflerent kinds of seeds 
varie.s. In all cases the radicle or base of the embryo points more or 
less directly to the micropyle, while the cotyledonary extrenuty is 
directed towards tlie cludaaa. In an orthotropal seed, then, the em¬ 
bryo is inverted or aiUitropal xur'i, opposite, r^tTra, I tuni), the radicle 
pointing to tlie apex of the seed, or to the part opposite the hilum 
(fig. 521). Thus, fig. 523 represents an orthotropal seed of Sterculia 
Ualanghas, attached to the pericarp, p c, by the funiculus, f. The 
chalaza and hilum are confounded together ch, the micropyle being 
at the op, osite end. The integuments of the seed, t, cover the embryo 
with its p jiisperm, p s; the cotyledons, c, point to the hUum and 
chalaza; while the radicle, r, points tx> tlie micropyle, and the embtyO 


Fig. 519.—Grain of Carox dopimperato, cut vertically. ^ Integnmcnta. j), Fertspenn. e,' 
Embryo. 

Fig. 620.—S(*ed or kernel of the Date. Py Perisperm or homy albumen, c, Embrya 1. En- 
tim seed. 2 . Seed cut txunsvemily at the ]>olnt wuei'c the emln'yo, is situated. 

Fig. 521.—Winged ftnit of Rumex, cut vertically, to sliow the ahaxile or ahaxiol slightly 
ctuTed cmhrj'o. 

Fig. 623.—Carpel of Himbilis Jalapa, cut vertically, with the seed which It contains, a, Feri- 
com crowned with the romnins of the style, s. ty integuments of the seed or spermoderm. 
e, Peripheric^ embryo with its radidc, r, imd its cotyledons, c. py Feri^rm or Albumen anr* 
rounded by tlie embryo. 
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tSaxa Teveised or roverted. Again, in an anatropal seed (fi^. 493, 
494 ), 'where the micropyk is close to the hilnm, and the chalaza at 

the opposite extremily, 
the embryo is erect or 
homotropal (S/toio:, like, 
and TfiTra, I turn), the 
radicle or base of the 
embryo being directed to 
the base of the seed. In 
some anatropal orules, as 
in Castor oil (fig. 483), 
the exostomc is thickened 
or carunculate, c, and the 
endostome does not correspond exactly to it, so that the radicle, e r, 
of the embryo is directed to a point a little removed fi-om the exostome. 
In curved or campylotropal seeds (fig. 419), tlic embryo is folded so 
that its radicular and cotyledonary extremities are approximated, and 
it becomes ampkitropal around, and rpi-xu, I turn). In this 

instance the seed may be exalbumiuous, and the embryo may be 
folded on itself (fig. 524); or albuminous, the embryo surrounding 
more or less completely the pcrisperm, and being peripherical (fig. 

522). In fig. 524, the seed of Eryshnum cheiranthoides 
is shown, with the chalaza, c k, and the hilum, h, nearly 
confounded together, the micropyle, to, the embryo occu¬ 
pying the entire seed, with the radicle, r, folded on the 
cotyledons, c, which enclose the plumide, g. Tlius, by 
determining the position of the hdum, chalazia, and 
micropyle, the direction of the embryo may be known. 

604. According to the mode in which the seed is at¬ 
tached to the pericarp, the radicle may be directed up¬ 
wards, or downwards, or laterally, as regards the ovary. 
In an orthotropal ovule attached to the base of the peri¬ 
carp, it is superior (fig. 521). So also in a suspended 
anatropal ovule, as in fig. 483. In other anatropal ovules, 
as in figs. 492, 504, 525, the radicle is inferior. When the ovule is 
horizontal as regards the pericarp, (fig. 523), the radicle, r, is either 



Fig. 5S3.—Orthotroral seed of Sterculta Bsluhehos, cut longitudbudly, with the portion of tho 
perlearp, pe^to wblcn it is attaciied. / Ftmicultis. e Chalaza ttid hilum confounded together. 
^ Integuments of the seed, or spennoderm. p s, Peilsperm, the summit of which only is seen. 
& One of tile Cotyledons. The other cotyledon has been removed to show the gemmme, p. r, 
lUdlcle which is directed to the foramen at the apex of the seed. The embryo is antitiuf^ or 
inverted. 

Fi|^^4:-^axnpylotropal seed of Erysimum cheiranthoides, cut longitadbially, m, Micropyle. 
e hf Chalaza not fir removed fhim the hilum, A. t. Testa or epispenn. m i, Inner covering of 
the seed or endoploura. r, Radicle, c, Cotyledona- Oemmule. The embryo is curved or 
azwhitropsL 

62&~Vcrtica2 section of the caipd of Trigloohin Barrelleri. j?, Pericarp crowned by 
the sessile stigma, s. p, Seed. /, iiWculus. r, Raphe, c, Chalaza. 
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centrifugal, when it points to the outer wail of the ovary; or centr^ 
etal, when it points to the axis or inner wall of the ovary. 

9.— FOKcnoirs or the seed. 

605. The seed contains the embryo or germ, which, when placed in 
favourable circumstances, is developed as a new plant. The embryo 
is usually of a whitish or pale colour, resembling the perisperm when 
present, and sometimes scarcely distinguishable from it at first sight. 
Occasiomdly, however, it is of a greenish or yellow hue. Instances 
of this occur in the perisperrmc or albuminous seed of Euonymous, and 
the apervfjTennic or ex^buminous seeds of most Cruciferas. The 
changes which take place in tlie composition of the seed, and in its 
coats, are with the view of protecting the embryo from vicissitudes of 
temperature, moisture, &c., and of liiying up a store of nourishment 
for its after growth. The coats become thickened and hardened by 
the deposition of lignine; and in its interior, starch, nitrogenous 
compoimds, phosphates, and sulphates, besides oily and fatty matters, 
vixrious organic acids, tannin, and resins, sue found. The specific 
gravity of the seed is much increased, so that it usually sinks in water, 
and it becomes more capable of resisting dtscomposition, and preserving 
the vitality of the embryo. 

606. When seeds arc matured, they are detached from the plant in 
various ways. They separate from the funiculus at the hdum, and 
remain free in the csivity of the pericap, which either fells along with 
them, or opens in various ways so sis to scatter them. The elasticity 
with which some seed-vessels open during tlie process of desiccation is 
very great. It nuiy be seen in Ilura crepitans, Common Broom, and 
Cardamine. In the Geranium (fig. 455), the seed vessels are coiled 
upwards on the elongated beak, and in this way the seeds are dropped. 
In the succulent firuit of Momordica Elaterium, or squirting Cucum¬ 
ber, the cells vary in their size and contents in different parts; some 
containing thick matter become distended at the expense of others 
with thinner contents, and the force of endosmose ultimately causes 
rupture of the valves at their weakest point, viz., where they are 
imited to the peduncle^ When this takes place, the elasticity of the 
valves sends out the seeds and fluid contents with great force through 
the opening left by the separation cf the peduncle. In the Impatiens 
or BEdsam, the seed-vessel opens with force by a similar process, the 
five valves curving inwards in a sjjiral manner, in consequence of 
the distension of the outer large cells. The seeds are discharged be¬ 
fore they are dry. In the case of Mignonette (fig. 479), the seed- 
vessel opens early, so as to expose the seeds; and in Cuphea, the 
placenta pierces tiie ovary and floral coverings early, so as to render 
the seeds naked. 
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607. Wind, water, animals, and man, are instrumental in the dis¬ 
semination of seeds. Some seeds, as those of Mahogany, Bignonia, 
Tecoma, Pine, Asclepias, EpiloMum, and the Cotton plmt, have winged 
or feathery appendages, by means of which they are wafted to a dis¬ 
tance. Ihe same thing ocem-s in some indemscent seed-vessels, as 
the samara of the Sycamore and Ash, and die achsenia of Dandelion, 
Thistles, &c. Moisture, as well as dryness, operates in the bursting of 
seed-vessels. The pod of the Anastatica, or Rose of Jericho, and the 
capsule of some Mesembryanthemums, exhibit the effects of moisture 
in a remarkable degree. Animals, by feeding on fleshy fruits, the 
kernels of which resist the action of die juice of the stomach, dis¬ 
seminate seeds; and man has been the means of transporting seeds 
from one country to another. In some cases, the pericarjis ripen their 
seeds under ground, and are called hfpocarpogmn (iSwd, under, 

ftuit, and ye», earth). Tliis is seen in tlie Arachis hypogsea, or 
Ground-nut. Others, as Vicia amphionrpos, have both aerial and 
subterranean fruit. Many seeds are used for food by animals, and a 
great destruction of them takes place from decay; but this is compen¬ 
sated for by the vast number produced, so as to secure the continuance 
of the species. The quantity of seeds produced by many plants is 
very great. In single capsules of Poppy and Tobacco, upwards of 
40,000 have been counted. 

608. eerminauon. —^The act by which the embryo of a seed leaves 
its state of torpidity, and becomes developed as a new plant, is called 
germination (germinatio^ springing). In order that this process may go 
on, a certain combination of circumstances is necessar}'. The chief 
requisites arc moisture, air, and a certain temperature. Exclusion 
from light is also beneficial. 

609. Moisture is necessary in order that the nutritive matters may 
be taken up in a state of solution, and that certain changes may take 
place in the seed. Dry seeds will not germinate. The quantity of 
water absorbed by seeds is often very large. DeCimdoUe found that 
a French bean, weighing 544 milligrammes, absorbed 756 of water. 
The swelling of Pease by absorption of water is familiar to all. The 
kemds or seeds by this means are enabled to burst their stony coverings. 

,610. The temperature required for germiuition varies in different 
seeds. Some demand a tropical heat, others arc satisfied with the 
warmth of our spring. In genera!, the requisite temperature may be 
said to vary from 60” to 80“ F. Some seeds can bear a temperature 
which wotdd kill others. Some have been known to germinate after 
exposure for a short time to the heat of boiling syrup; others after 
exposure to a cedd-of —89” F. Many plants growr in the immediate 
vicinity of very hot springs, others in cold regions. Edwards and 
Cohn, from their experiments, were led to fix 95” F. as the highest 
limit of prolonged temperature which cereal grains can bear in water; 
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and 113“ F. as tlie highest they can bear in sand or earth. Wlieat, 
Oats, and Barley, are said to thrive in any conntry -where the mean 
temperature exceeds 65“ F. The spores of certain cryptogamic plants 
are cspedally fitted for cold countries. Edwards and Colin found that 
seeds in a dry air bore a higher temperature than in water or steam. 

611. Air^ or rather oxygen, was shown by Scheele to be necessary 
for germuuition. Seeds deeply buried in the soil, and excluded from 
air, do not spring. The deptli at which seeds shoidd be sown, varies 
from ludf an inch to two inches, according to the nature of the soil. 
The following experiments were made by Petri:— 


Seed sown to llic 
doptli of 

h inch . 

1 . 

Cuuic above ground 
in 

.12 — . 

2 — . 

.18 . . 

3 . 

.20 — . 

4 .. 

.21 ..... 

5 — . 

.22 — . 

6 — . 

.23 — . 


No. of plants that 
came up. 


,. all. 

.'-8ths. 

.G-8ths. 

.+-8tlis. 

..8-8ths. 

.l-8th. 


Shallow sowing is thus proved to be the best. 

012. Seeds, when buried deep in the soil sometimes lie dormant 
for a long time, and only germhmte when the air is admitted by 
the process of subsoil ploughing, or otlier agricultural operations. 
When ground is turned up tor the first time, it is common to see a 
crop of wliitc clover iuid other phmts spring up, which had not been 
previously seen in the locidity. After the great tire in London, plants 
sprung up, the seeds of which must have long lain dormant; and the 
same thuig is observed after the biumng of forests, and the draining 
of marshes. Gardner says that the ntuue capoeira is given in Brazil, 
to the trees which spring up after tlie burning of the -virgin forests 
(matos virgens and capoes), and that tliey arc always very distinct 
from thase which constituted the original vegetation. Mr. Vernon 
Harcourt mentions a case where turnip seeds lay in a dormant state 
for seven or eight years, in consequence of being carried down to a 
great depth in the soil. On the Calton HiU, at Edinburgh, when 
new soil was turned up some years ago for building, a large crop of 
Fumaria micrantha sprung up; and seeds gathered from under ax 
ft ot. of peat-moss in Stirlingshire have been known to genninate. Mr. 
Kemp mentions the germination oft seeds found at the bottom of a 
sand-pit 25 feet deep, which he concludes from various circumstances, 
to have been deposited more than 2000 years ago. The seeds were 
farinaceous, belonging to the natural order Polygonaceas. A weak 
solution of chlorine is said to accelerate germination, probably by the 
decomposition of water, and the liberation of oxygen. 

618. Darkness is favourable to geimination. Seeds germinate best 
whmi excluded from light. M., Boitard showed this by experiments 
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on Auricrala seeds, some of which were covered by a transparent bell- 
jar, oUiers by a jar of ground glass, and a third set by a jar enveloped 
in blhck cloth. The last 'germinated most rapidly. Mr. Hunt says 
that the luminous or light-giving rays, and those nearest the yellow, 
have a marked effect in impeding germination; the red or heat-giving 
lays axe fevourable to the process, if abundance of water is present; 
while the blue rays, or those concerned in chemical action or actinism, 
accelerate the process and cause rapid growth. His experimoits were 
performed by making the sun’s rays pass through diferent kinds of 
coloured glass. He believes that Ae scorching effect of the sun on 
leaves may be prevented by the \ise of blue glass, and that a high 
temperature might be obtained by red glass. He has suggested a 
pale-green glass made with oxide of copper, as that best fitted for con¬ 
servatories. By this means he expects that the scorching rays of 
light will be excluded, while no hinderance is given to the passage of 
the others; the green colour being a compound of yellow or Imninous, 
and of blue or chemical rays. A delicate emerald-green glass has 
been employed lately at his suggestion, in glazing the large Palm- 
house at Kew. 

614. Some have said that electricity prevents germination, but facts 
are wanting to confirm this. The experiments of Dr. Fyfe,* Mechi, 
Coventry, and others, have shown that the statements made in regard 
to the efficacy of electro-culture are erroneous. 

615. In order that plants may germinate vigorously, moisture, heat, 
and air must be supplied in due proportion. If any of them are de¬ 
ficient, or in excess, injury may be done. It is of great importance, 
therefore, in agricultural operations, that tlie ground should be well 
pulverized, the seeds regularly sown at a proper and equal depth, and 
the soil drained. Pulverized soil, when examined, is found to consist 
of small partidcs having cavities in their interior, and separated fi’om 
each other by interstitial spaces. In a veiy dry soil, all these cavities 
are full of air; in a very wet undrained soil, they are fuU of moisture; 
while in a perfectly drained soil, the interstices are full of air, while 
the particles themselves arc moist. The seed in such a soil is under 
the influence of heat, air, and moisture, and is exduded from light. 
Hence it is in very fiivourable circumstances for germination. Frost 
has an important, effect in pulverizing the soil, by the expansion of the 
water contained in the particles, "^hen it is converted into icc. Snow, 
again, acts in giving a covering to the young plant, protecting it from 
intense frost and sudden alternations of temperature, and by its slow 
melting allows the plant to acconunodate itself to the mild atmosphere. 
Snow contains often much oxygen. 

616. If a field is not equally planted, the seeds vrill rink to different 
depths, and will spring up very irregularly. The seeds should be 

* See Trane, of Soc. of Arts, Tot lU. part a. p. 109. 
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placed at a depth not greater than two inches. Draming acts not 
merely in removing superfluous moisture, but in allowing a constant 
renewal of nutritive matter, more especially of ammonia and carbonic 
acid from the atmosphere, in giving a supply, of air, and in keeping 
up a proper temperature in the soil. In an undrained soil the water 
is stagnant, and there is httle supply of fresh nutriment, and much 
cold is produced. Of late there has been a discussion as to whether 
shallow or deep draining is the best. Much depends on the nature of 
the soil, and it is impossible to lay down any fixed rule applicable to 
all cases. Mr. Smith says that dsrains in very stiff soils should be 
fifteen fcet apart, and in very light soils thirty or forty; the depth 
being from thirty to thirty-six inches, and the main drains six inches 
deeper tlian the parallel ones. In extremely stiflF clays, he makes 
drains two and a half feet deep. He was the first to advocate the 
system of pandlel drains, or what is called thmwtgh-drcdnmg. 

617. FitBiity of Seed*. —Some seeds lose their viudity soon, others 
retain it for a long time. Coffee seeds, in order to grow, require to be 
sown iipmcdiatcly after ripening. On the other hand, Melon seeds have 
been known to retain their vitality lor upwards of forty years, and those 
of the SeiLsitive plant lor more than sixty years Oily seeds in general, 
lose their vitality quickly, probably from their power of absorbing oxy¬ 
gen, and the chemical changes thus induced. Considerable discussions 
h.ave taken place iin to the letigth of time during which seeds will retain 
their germinating powers. Lindley mentions a case in which yoimg 
plants were Kiised from seeds found in an ancient barrow in Devon¬ 
shire, along with some coins of the Emperor Hadrian; and M. des 
Moulins relate* an instance, of seeds capable of germinating, which 
were discovered in a Komau tomb, supposed to be fifteen or sixteen 
centuries old. In these instances, ft is to be remarked, that the seeds 
were protected liom the influences required for growth, and were pre¬ 
served in circumstances which cannot be easily imitatei There seems 
to be great doubts as to the seeds foimd in ^e catacombs of Egypt, 
and in mummy cases, having actually produced living plants. Ilie 
statements relative to Mummy Wheat axe not fidly confirmed, and 
there are many sources of fidla^. 

015. With the view of preserving seeds, it is of importance that 
ihcy should be thoroughly ripened, kept in a uniform temperature, 
and in a dry state, and not directly exposed to the oxygen of the air. 
They are o:^n best kept in their seed-vessels. The hid coverings, of 
many foreign legumes, and of the cones of Firs, &e., seem to be of im¬ 
portance in preserving the germinating power of seeds. Seeds not 
fuUy ripene^ are very apt to decay, and are easily affected by moistuiw , 
See^ although fit for food, may have lost th^ germinating powBr.4, 
Com, pulse, and farinaceous seei generally will Kve for a long tim^^ 
if gathered ripe, and preserved quite dry. In sending seeds from ? 
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foreign countries, they should be put into dry papers, and exposed Ui 
.free ventilation in a cool place; as, for instance, in a coarse bag sus¬ 
pended in a cabin. Oiiy seeds and those containing much tannin, as 
beech-mast, acorns, and nuts, must not only be ripe find dry, but also 
must be excluded from the air. When transported, they are often put 
into dry earth and sand, and pressed hard, or preserved in charcoal 
powder, the whole being covered with tin, and put into a stout box. 
Some have suggested their preservation in hermetically-sealed bottles 
full of carbonic acid gas. Seeds enveloped in wax sent from Lidia 
germinated well. They had been kept for three months, and were 
quite firm and fi-esh. They did not sprout for a month, but afterwards 
grew strong and healthy. Seeds sent in cotton and brown paper had 
grown Considerably in their transit, and, when potted, grew fast, but 
soon displayed symptoms of debility. Spanish chestnuts and filberts 
have b^n sent enveloped in wax to the Himalayalis, and are now 
growing there. Cuttings of ftuit trees, witli their ends enveloped in 
wax, were also sent, and arrived in a living state. In diis way also, 
apples, pears, and plums have been sent. 

619. M. Alphon.se Decandolle made experiments on the vitality of 
seeds, lie took 368 species of seed, fifteen years old, collected in the 
same garden, and sowed them at the same time, and in tlie same 
circumstances as nearly as possible. Of the 368, only seventeen ger¬ 
minated, and comparatively few of the species came up. The following 


are the results:— 

Malvacese. 



Per cent 
....0-50 


.9 

.45 

....0*20 



.30 - . 

....0*03 



.. ..10 

....0*00 

UmbeUifera:.: 

.0 


... o-on 

Caiyophyllace®. 

...0 


....0-00 

Oramineffi. 

..0 — 

.32 — . 

....0-00 

Cmciferfc. 



....0-0() 

Compositse. 


.45 

....0-00 

In 357 species, of which the duration oflife was 

known, tlie results were; 

Annuals. 


....180 species.. 

l*er cent. 
....5*0 

. Biennials. 

.0 — 

.... 28 — .. 

....0-0 



....105 — .. 


Ligneous. 

.3 _ - .. 

.... 44 — .. 

....6-7 


or it may be thus given 

Monocarpic....... 

Polycarpic*... 

16 357 4-4 

• For aa oxplanatioB of tbeie terms, aec f 634. 


16 357 4-4 


For cent. 

.9 came np ont of..208 species.4-3 

.7 — — .149 — •.4-7 
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620. Woody species thus seem to preserve the power of germinat¬ 
ing longer than others, while biennials are at the opposite end of the 
scale; perennials would appear to lose their vitality sooner than an¬ 
nuals. Large seeds were Ibimd to retain the germinating power longer 
than small ones, and the presence or absence of separate albumen or 
perisperm did not seem to make any difference. Compositas and Tlm- 
beUifera; lost their gerniinating power very early. From these experi¬ 
ments, DecimdoUe concludes that the duration of vitality is frequently 
in an inverse jiroportion to the rapidity of tlic germination. This 
subject is now being investigated by a committee of the British Asso- 
dation, tmder the <£rection of Professor Daubeuy. 

621. Chemlcnl change* daring Germination. —^During the process 
of germination, certain changes take place in tlie contents of the seed, by 
wMch they are rendered fit for the nourishment of the embryo. In 
exalbuminous or aperispermic seeds, where die embryo alone occupies 
the interior, diese Ganges are efiectcd }>rincipally in the ma tters stored 
up in the cotyledons. In albuminous or perispcrmic seeds, on the 
other hand, die changes occur in the substance of the perisperm. One 
of the most remarkable of these changes is the conversion of starch into 
dextrine and grape sugar by a process of o.xidadoii, the object being 
the conversion of an insoluble into a soluble substance. A nitrogenous 
compound, called Diastase (if 310), is developed during germination, 
and is said to act on the starch. This diastase may be probably a por¬ 
tion of gluten passing into a state of decomposition, and actmg as a 
ferment. Tlie cliange of starch into dextrine and sugar is referred 
by chemists to catalytic action, or the action of contact, and to the 
influence exercised by diastase and other matters in making a new 
arrangement of the molecules. Wliile this conversion of starch into 
sugar proceeds, oxygen is absorbed, carbonic acid is given off, and 
heat is produced. These phenomena are well seen in the malting of 
barley. The changes produced hi the air by germinating seeds have 
been investigated by Saussure, who sliowed that in all cases carbonic 
acid was evolved at the expense of the carbon of the seed. 

622. When all the requisites for gcrmkiation are supplied, the seed, 
by the absorption of moisture, becomes softened and swollen. When 
albumen or the perisperm is present, it undergoes certain chemical 
{hanges by the action of the air and water, so as to be rendered fit for 
the nutrition of the embryo. Tlies* changes consist partiy in the con¬ 
version of starch into sugar, and are accompanied with the evolution 
of carbonic acid, and the production of heat. As the fluid matters are 
absorbed by the cells of the embryo, the latter continues to increase 
until it fills the cavity of the seed, and ultimately bursts tiirough the 
softened integuments. In cases where there is no perisperm, the exal- 
bui^ous embryo occupies the entire seed, and the process of germi¬ 
nation goes on with greater rapidity. The embryo speedily swells,. 
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ruptures the integument, and is notuished at the expense of the 
cotyledons, which are often fleshy, containing much starchy matter, as 
in the Bean and Pea, along with oily matter, as in the Nut and Bape 
seed. There are thus two stoges of germination—^that in which the 
embryo imdergoes certain changes within the seed itself, and that in 
which it protrades through the integuments and becomes an indepen¬ 
dent plant 

623. The embryo then, nourished at the expense of its perisperm 
and cotyledons, continues to grow, and usually protrudes its radicular 
extremity (fig. 526,1) in the first instance, which is nearest the sur- 
fece, and next the micropyle. This, which in the embryo is very short, 
and confounded with the cauliculus so as to form the first mtemode, 
becomes thickened by addition to its extremity (fig. 526, 2), and the 
division between the ascending and descenmng axis becomes more 
marked. The cauhcule or axis also elongates, bearing at its summit 
the plumule, which now appears outside tlie integuments (fig. 526, 3, 

g), forming the second internode, either 
accompanied by the cotyledons, or 
leaving them stiU within the seed coats. 
In the latter case, the cotyledons are 
usually fleshy and of a pale colour, 
and become gradually absorbed like 
the perisperm. In toe former they 
assume a more or less leafy aspect, 
exercising the functions of leaves for a 
certain period, and ultimately decaying. While the radicle descends 
towards the centre of the earth, producing roots of a pale colour, the 
plumule has a tendency to ascend, forming the leafy axis, and assum¬ 
ing a green colour under the influence of light and air. 

624. Direction of Piuntnie and Badieie.— Yaxious attempts have been 
made to explain the ascent of the plumule, and the descent of the radicle, 
but none of them are satisfactory. Physiologists have not been able 
to detect any law to which they can refer tlie phenomena, althou^ cer- 
t^ agencies are obviously concerned in the effects. Some have said 
that the root is especially influenced by the attraction of the earth, while 
the stem is influenced by Hght Experiments have sbovra that the 
direction of the root is not owing to the moisture of the soil, and that 
the ascent of the stem is not due terthe action of light and air; for roots 
descend, and stems ascend, even when the latter are placed in contact 
with the earth, and the former submitted to the action of light Knight 

Fi|r. S3&-'Qcnn]natlon of the dicotyledonous apcrispermic seed of Acacia Jnlihrissin. a, 
^nnodorm or testa, r, Radicle of the embrya Ticellua or cauliculus. e, Cotyledons, 
Gemmule or plumule. 1. First stage: in which the radicle ruptures the envelope or spermoderm, 
and appears externally at the micropyle. 2. Socond stage: where parts of the embryo are 
further disengaged frm the coverings the summit of the cotyledons only being retained by the 
spermoderm. A Tbii^ stage: where the embryo is entirely disengaged from the envelope or 
gpermoderm, and the cotyledons^ ec, ait separated so aa to exhibit the idumnle, g. 
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thinks that the direction of stem and roots may be traced to the state of 
the tissues. When a branch is horizontal, the fluids gravitate towards 
the lower side; a vigorous growth takes place there; the tissues enlarge, 
and, by increasing more than those on the upper side, an incurvation 
is produced, the convexity of which looks downwards, and thus die 
extremity of the branch is directed upwards. Again, in the root the 
increase takes place by the extremity, and the fluids by their gravity 
cause this to retain always a descending direction. A similar explana¬ 
tion is given by Dodart. Dutrochet refers the phenomena to endos- 
mose, which varies in its eflTccts according to the comparative size of 
the cells in the centre and circumference of an axis. In young stems 
with large pith, the central cells are larger, and they diminish towards 
the circumference; whereas in roots, accordiag to him, the diminution 
takes place in the reverse manner. Large cells distend more rapidly 
than small ones; and, according to their position in the axis, will thus 
cause curvature outwards or inwards, the largest occupying the con¬ 
vexity of the arch, the smallest the concavity. When a branch or root 
is laid horizontally, the force of endosmose is weakened on the lower 
side, and, consequently, will cease to neutralize the tendency to incur¬ 
vation on the upper side, which will therefore be directed either up¬ 
wards or downwards, according to the position of its layers of .small 
cells,—^in the case of abrsmeh with huge central cells, curving upwards; 
and in the case of a root with larger hemispherical cells, downwards. 

625. Tliese explanations do not appear, however, to be altogether 
satisfactory. It is known tliat the stem is directed upwards, the root 
downwards, but, as yet, physiologists have not been able to ascertain 
the laws which regidate them. The tendencies of the root and stem 
arc not easily counteracted. When a seed is planted in moist earth, 
and suspended in the air, the root wiU, in the progress of growth, leave 
the earth and descend into the air in a perpendicular direction, while 
the stem will pass through a quantity of moist earth in an upward 
direction. If their positions are reversed tliey will become twisted, so 
as to recover their natural positions. 

626. The eflect of light on the stem may be illustrated by the 
growth of plants in circumstances where a pencil of light only is 
atlmitted on one side. Experiments on this subject have been made 
i>y Payen, Dutrochet, and Gardner. They consider the blue rays as 
those which have the greatest effect 8n the plumule. Hrmter observed, 
that if a barrel filled with earth, in the centre of which arc some 
beans, be rotated for several days horizont^y, the roots pointed in a 
direction parallel to the axis of rotation. Knight* put Mustard seeds 
and Fr^ch beans on the circumference of two wheels, which were 
put in rapid motion, the one in a horizontal, and the other in a vertical 
manner; and he found that, in the former, the roots took a direction 

* See Enigbt'a Hortlcnltuial Papers, London, 1641, p. 124. 
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intermediate between that impressed by gravitation and by the centri¬ 
fugal force, viz., downwards and outwards; while the stems were 
inclined upwards and inwards. Lx the latter, where the force of gravi¬ 
tation was neutralized by the constant change of position, the centri¬ 
fugal force acted alone, by which the roots were directed outwards, at 
the same time that the stem grew inwards. To exjilain these results, 
there must be allowed—1. A more or less liquid condition of the new 
parts of the young plant. 2. A different density in tlie different parts 
of the latter. 8. A tendency of the denser parts of new plants, during 
germination, towards the root. On the vertical wheel, the parts of the 
young plants submitted to die centrifugal force only, had their roots 
or densest parts at the circumference. On die horizontal, the effect 
was intermediate between centrifugal force and gravity. The upper 
side of leaves is under the influence of light in a marked degree, 
for, when placed in the reverse position by the turning of a branch, 
they twist round so as to resume their natural cxjiosm’e. During 
darkness, on the contrary, many leaves fold in such a way that their 
lower surface is exposed. Some plants grow indifferendy in all direc¬ 
tions at the period of germination. The Mislctoe and other parasites 
direct their radicles towards the centre of the tree or plants to which 
they are attached, while the plumule grows perpendicularly to the 
surface. 

627. moaocotriedoMu eenniBBtlon. —^In Monocotyledons, there is 
generally a perisperm present, often in large quantity, and in them 
the cotyledon remains ihore or less within the seed at the period of 
germination. The intra-seminal portion of the cotyledons, as in Canna, 
and especially in the Ooco-nut, becomes developed as a pale cellidar 
mass, which increases much, and absorbs the nutriment required for 
the embryo. In some Monocotyledons the perisperm disappeai-s en¬ 
tirely ; in others, as in the Phytdephas or Ivory Palm, while certahi 
soluble matters are removed, the perisperm still retains its original 
form. The intzca-seminal part may be said to corr^ond to the limb 
or lamina of the cotyledonary leaf. The extra-seminal portion, corre¬ 
sponding to the petiole, becomes often much elongated, as in the 
double Coco-nut, and ends in a sheath which envelopes the axis or 
cauhculus, and the plumula Sometimes, however, there is no marked 
elongation of the cotyledon, the sheath being at once formed on the 
outside of the seed, so that the plfxmule and radicle are, as it were, 
sessile on its suriaca These phenomena are well seen in Canna 
indica (fig. 527), where e is the envelope of the seed; p the perisperm 
or albumen; c the intra-seminal portion of the cotyledon, which 
absorbs the nourishment; pc the petiolary or extra-seminal portion 
of the cotyledon, which varies in length, and may be wanting; v the 
sheathing portion of the cotyledon, from a slit in which, ^ the plumule, 

prote^e^ supported on the axis or cauliculus, t ; while the radicles. 
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r and r', pierce the integument at the base, and are each coveted •with 
a separate sheath, c o, called coleorhiza (fig. 124). In aperispermic 
Monocotyledons, as Alismace® and Potamese (fig. 505), the cotyledon 
does not remain ■within the seed, but is raised above the ^ound, c, 
giving origin to the plumule, < 7 , which is at first enclosed in its sheath. 
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628. Tims the cotyledon follows the development of leaves. Its 
limb is first produced, and is either pushed above ground, or is con¬ 
fined -within the s(>ed. In the latter case it is arrested in its progress; 
subsequently, a sluyith is formed which may cither be a direct con¬ 
tinuation of the limb, or may be scpivnited from it by a petiolary 
portion. Wlicn the Innb is confined in the seed, and cciises to be 
d(!Veloped, tire shesitli often continues to gro->v, forming a marked 
covering of the axis. The roots in Monocotyledons during germina¬ 
tion (fig. 124 r r), pierce the radietdar extremity of the embryo, and 
become covered with sheaths or coleorhizits, <• c, formed by a super¬ 
ficial layer of cellular tissue. As the radicular'extremity thus remains 
•within the embryo, and .sends out radicles from its surface, the plants are 
said to lx; endorhizal {hlov, within, and pi^a, a root). Sec ‘f 127. 

629. Dieotyiedonaus eerminaiion. —^In Dicotyledons, the cotyledons 
generally separate from the integxmients, and either appear above 
ground in the form of temporary leaves (figs. 5^8, 529 c c), which differ 
in form from tlie permanent leaves of the plant (fig. 529 (/), or remain 
below as fleshy lobes. In the former case they are epigeal {M, upon or 
above, and yia, the earth); in the latter ease (as in Beans, Arachis, 
&c.), they are /igpogcal (vxo, under). Tlie cotyledons usually separate, 
but sometimes they are united, and appear as one. In all cases, the 

527.—GonnJiiftHon of the monocotyledoiioujs poii^rtnic seed of Canna indico. The seed 
cut to show the relation between the i^risiienii and^e enibryo at ditferent stt^s, tlie for- 
i'.er diminlHhinff,. while the hitter incretusoH. e,-Envelope or spemioderm. o, Its npp^r part, 
which is Keparated like a lid or oitercnluin, to allow the pnwuige of the radiflc. Peilsperm or 
albumen, c, Cotyledon, r, Hadlcle or young root, r' r', St^mdary radicles, e o, Coleorhiza or 
sheath of the route, Slit indicating the position of tlie gemmiUe; at this ^t an elongated 
sheath, % is protrudecl. p c, Narrow j^rtlon of the cotyledon .(eoiTe«i>onding to the petiolapr 
)N)rtion), inteimediate between llw enlar^d portion, c ((jorrespimding to tlie lamina or limb of 
the leaf), and Its slieathing or vaginal portion, p, t, TlgcUus or caitUculus. g, (Jeimnule or 
plumule. 1 First stage, in which the icicle, r, begins to appear through the intognmenta Gt 
Kpermodenn. 2. Second stage, where the slit,/, Is seen ahio on the outer 8nTfac*e, Indicating the 
situation of the gemmule. The true radicle, r, has pierced the eiivolc^ of the seed, and at iti 
base shows a sm^ sheath or coleorhiza. One of the small ludiclcs, r^as also scon with a col^ 
rhiza. 3. Third stage, when oil tile parts are more developed^ and the gemmule, appears oft 
the outside of the sat,/, the edges of which are prolon^d in the foim uf a sheath or va^a,«. • 
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phunole {figs. 528, 529 g) proceeds &om between the two cotyledons, 
and does not pierce tliough a sheath as in monocotyledons. The 
root (fig. 528 r) is a direct prolongation of the axis, t, in a downward 



direction, separating fropi it at the collar, in, and the embryo is here 
«cor]dzal (l|a, outwards). Sec T 126. 

In Acotyledons, the spore (fig. 530) has no separate embryo m its 
interior, but ^Srminates from any part of the surlace; hence it is called 
heterorhizal {hepti, diverse). See % 128. The spore may be considered 
as a cellular embryo rather than a seed. 

630. Some seec& commence the process of germination before being 
detached from the plant Tliis occurs in a remarkable degree in the 
Mangrove trees, or Rhizophoras, which grow at the muddy mouths of 
rivers in warm dimates. Coco-nrits often begin to germinate during 
a voyage from the tropids to Britain, and germinating seeds have 

Fig. 51^—Oerminstlon of the dicotyledonou embryo of Aoer Keiifando. m, CoUum, collar or 
neck, r, lloot t, CauUcwe or stem, c c, Ootyledone. g. Oeinmule or plumule. 

Fig. £29.—Upper mrt of the Mime embt^ more developed, e Cotylodoiu. 0 , (roimnaie, 
*the nnt leavea of which are already expanded, t Oaulicule or stem. 

Fig. £30—Acotyledonous embryos or spores of Marcbantiapcdyi&oipha, germinating. 1. Spore 
in the eaily stage of germination. 2. In a more advanced stage. The spores are nmple cells, 
whidh. elongate diuing gen^natioii at some poiht of their sur&ce. They are heterorhizal. 

M coMp a iw to naked embryos rather than to seeds. 
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been found in the interior of Gourds, as well as the fruit of Carica 
Papaya, the Papaw. -j. 

631. Proiiferons Piani*.^—^In place of seeds, some plaiite produce 

buds which can be detached and produce separate individuids. Flowers 
which are thus changed into separable buds, are caUed proliferous 
{proles, oiftpring, and fero, I bear), or viviparous {vims, alive, and 
pario, I produce). Tliey are met with in many alpine grasses, as 
Festuea ovina, var. vivipara, Aira caesjriioMi, alpina, Poa alpina, &c., 

as well as in Alliums, TrifoUiuns, &c. Buds of a similar kind may be 
produced on the edges, or in the axil of leaves, as in ByrophyUum 
calycinum, Malaxis paludosa, many species of Gesnera, Gloxinia, and 
Achiraenes; and the bulbils of Liliimi, Ixia, and Dentaria, seem to be 
peculiar forms of buds, capable of being detached, and of assuming 
independent growtli. Buds, however, ^ffer from embryos of seeds 
in the direction of the roots being towards the axis of the plant. 

632. The. length of time required fur the protrusion of the radicle 
varies in difierent plants. Some seeds, as garden cresses, germinate in 
the course of twenty-foiu hours, others require many days or many 
months. Seeds with hard coverings, or a stony perisperm, may lie 
dormant in the soil for a ye:ir or more. The following experiments 
were made in the Geneva garden, bn seeds similarly watered, and ex¬ 
posed to a medium temperature of .5.3® F. It was ascertained that 
one half of the species of the following families germinated alter the 
lapse of the number of days here mentioned:— 


AmarautbttcciB,. 9 days. 

Cruciferw,.10 — 

Boraginaccat, Caryophyllacem, Chenopodiacea;, Malvaceae,... 11 — 

Composltai, Convolvulaceai, Plantoginacca:,.12 — 

Polygonaceai,. 13 — . 

Campannlacco!, Legaminosa!, Yalcrianacea:,.14 — 

Gramineas, Iiabianc, Solanaceis,.15 — 

Bosacese,.17 — 

Banunctdaceo!,.20 — 

Antirrhinums, Onagrariace®,.22 — 

Umbellifer®,.23 — 


Temperature has a great effect in accelerating germination. Thus, 
Erigeron caucosicum, at a temperature varying from 49“ to 53“, ger¬ 
minated in ten days; at a temperature from 66“ to 72“ in two days; 
Dolichos abpsinicus, at the forme* temperature, in ten days, at the 
latter, in three; Zinnia coccinea, in twenty-two, and five days re^ec- 
tively. 

633. SnimUM of the E,ife «r Plants. —Plants, according to the 
duration of their existence, have been divided into annual, hienniai, 
and perennial. The first of these terms imports thatthe seed germinate^ , 
and that the plant produces leaves and flowers, ripens its seed, mid , 
perishes within twelve months; the second, that a plant gennmiiilM 
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and produces leaves the first year, but does not produce a flowering 
stem,‘ncSs ripen its seed, till the second, after which it perishes; 
while the third intimates, that the process of flowering and fimiting may 
be postponed till the third year, or any indefinite period. ITie firet 
two exercise the function of flowering in general only once, while 
the last may do so several times before dying. Under difierent 
dimates, however, and under different modes of management, the 
same species may be annual, biennial, or even perennial Thus, 
Wheat in this country is annual if sown early in spring, but biennial 
if sown in autumn; in hot climates, Lolium peronne proves annual; 
the Oastor-oil plant in this country is annud, while in Italy it is a 
shrub of several year’s duration; the annual Mignonette, by removing 
its flower-buds the first year, and keeping it in a proper temperature 
during the winter, may be rendered perennial and shrubby. Many 
flowering garden pknts, as Neapolitan Violet and Lily of the Valley, 
may be brought into flower at a late period of the year, by pinching 
ofif the blossoms in the early part, of the season. 

634. Plants, as regards their flowering and fruiting, have also been 

divided into monocarjnc {jiipof. one, and fruit), or those which 

flower once only and then die; and polycAirjiic (.roXwt, many), or those 
which flower and firuit several times before the entire plant cfles. Thus, 
annuals and bieimials, which flower the first or second year and die, 
as well as the Agave, and some Palms which Bower only once in forty 
or My years, and perish, are monocarpic; while perenimls are poly- 
carpic. Some perennial woody plants live to a great age. Some 
specimens of Adansonia digitat^ tlie Baobab of Senegal, are said to be 
more than 5000 years old. The Yew, the Oak, the Lime, the Cypress, 
the Olive, the Orange, Banyan, and Chestnut, often attain great 
longevity. 

635. The following is a notice of the size and age of some tre^:— 


Height to which forest trees grow in France,’.120 to 130 feet. 

Height to which forest trees grow in America,.130 — 

Tranks of some Baobabs have a girth of. 90 — 

Trank of Dracsena of the Canaries has a girth of. 45 — 

That of an Acer in South Carolina has a girth of.. 62 — 

In France, trees have often a girth of.'..25 to 30 — 

Oaks in Britain planted before the Conquest, more than.800 years old. 

Tew at Fountain’s Abb^, Bipon,.1900 — 

Yejrs in churchyard of Crowhurst, Shrrey,.1450 — 

Tew at Fortingal, Fertbshirc,...2500 to 2600 — 

Tew at Braboum churchyard, Kent.3000 — 

Tew at Hedsor, Bucks. .27 feet diameter,.....3200 — 


A specimen of Ficus indica, or the Banyan, on an island in the river 
NjMudda, is believed to be identical with one that existed in the time 
,^^xander the Great, and which, aecording to Neardhus, wq^ then 
caMme of ovejrshadowing 10,000 men. Parts of it have been carried 
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away bjr floods, but it can shade 7000 men, and its ciroumferenoei 
measuring its principal tnmh only, is 2000 feet. The cMef tranks of 
this tree greatly exceed our English Oaks &nd Elms in thickness, and’ 
are above 350 in number. The smaller stems are more than 3000 
in number. 

680. The Maronites believe that some Cedars near the village of 
Eden in Lebanon, are the remains of the forest which fiiinished Solo¬ 
mon ?rith timber for the temple, fidl 3000 years ago. These Cedars 
were visited by Belonius in 1550, who foimd them twenty-eight in 
number; liawolf, in 1575, makes tliem twenty-four; Dandini, in 
1660, and Thevenot, about fifty years after, make them twbnty-tlmee; 
Maundrell, in 1696, found them reduced to sixteen; Pococke, in 
1736, found fifteen standing; in 1810, Burckhardt coimted eleven or 
twelve; and Dr. Kichardson, in 1818, states tliem to be no more than 
seven. They must be of great antiquity, seeing they were counted' 
old 300 years ago.. Maundrell mentions the size of some of the 
Cedars. The hirgest he measured was 36 feet 6 inches in circumfer¬ 
ence, and 117 feet in the spread of its boughs. 

637 DecandoUe gives a list of tlie ascertained ages of certain trees : 


Elm,. 335 years. 

Cypress, about. 350 — 

Cbeirostemon (Hand-tree), about. 400 — 

Jvy,... 450 — 

.Larch,.... ... 5T6 — 

Sweet Chestnut, about. 600 — 

Orange,. 630 — 

Olive,. 700 — 

Platanus Oricntalis. 720 — 

Cedar,. 800 — 

Many tropical trees, according to Humboldt, about....1000 — 

liime,.1076, 1147 — 

Oak,.810, 1080, 1500 — 

Yew,.1214, 1458, 2588, 2820 — 

Taxodium, upwards of.4000 — 

Adansonia,....1.5000 — 


In.— OEHiSUl; OBSEBVAnOltS ON TUB OnGAKS OF FIANTS, AN® OB THK «OBE IK WHIOH THKT 
AKE ABKANOEO. 

C38. Before concluding the consideration of the elementary and 
ompotmd organs of plants, it is proposed to make some general 
'ibservations on their arrangement s(hd development. The following 
is a tabular view of the various organs to which attention has been 
directed:— 




GaXEBAL ABBAi;aEMnNT OV THE ObOAXS OF PhANEBOOAUOUS PlAXTS. 

I.— ElenientarF Orgnna. 


Membrane, 
Fibre,. 


'V'esicles or Cellules,.Cellular T^ne. 
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n.—CmirmiBd Organa. 

1. General Integument. 

Cuticle or Pdlicle,...> _ 

Stomata,. /..J .Epidermis. 

Hairs, Prickles or Acnlei, Stings, Glands. 

2. Hutritive Compound Organs. 

Kth, .T Rhizome. 

Medullary Sheath, , Tuber. 

Heartwood or Duramen,.. Stem Runner. 

Sapwood or Albuiiium,.^ and Sucker. 

Medullaiy Rays or Plates,.I Branches. Corm. 

Liber or Endophlocnm, Bulb. 

Cortical Layers or Epi- and Mesophloeum,... j Thom. 

Petiole,. .Phyllodia. 

Limb or Lamina,Tendrils. 

Stipules. Ascidia. 

3. Reproductive Compound Organs. * 


Rhizome. 

Tuber. 

Runner. 

Sucker. 


Bulb. 

Thom. 

Phyllodia. 

Tendrils. 

Ascidia. 



Braot. 

Involucre. 

Eovilla 
granules.... 

Sepals—Calyx, 
Petals—Corolla, 

■) Perianth 
> or 
) Perigone. 

. 1 

Stamens,. 

Filament,..) 



Carpels, ... 
Ovules. 

(Ovary, ) 

Style, > Pistil,. 

(Stigma,) 



4. Composition of Ripe Fruit. 

Radicle,. 

Cotyledon,.. 

Embryo,. 

Pericarp,' 

Plnmnle,... 

>Seed,. 

Spermodcrm. 


Albumen or Perispcrm,.J J 

639. Plants may be said to be composed of numerous individuals, 
each having a sort of independent existence, and all contributing to 
the general growth of the compound individual formed hy their union. 
In the case of a tree there, arc a vast number of buds, each of whidi 
is capable of being removed, and made to grow on another tree by 
grafting; and although each has thus a vitality of its own, it is never¬ 
theless dependent on the general vitality of the tree, so long as it is 
attalKhed to it. The same Aing is seen in Sertularian Zoophytes. Each 
of the individuals forming a compound plant is called by Gaudichaud 
a phy^ (^KTw, a plant), and in it he recognizes three parts or meri- 
thalU a pai^ and a fiond), the radicular merithal corres¬ 

ponding to the root, the oauline to the stem, and the foUar to the leaf. 

'640. In the Acotyledonous plants, the embryo or spore consists of 
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cells united together, and it is only during gennination that it exhibits 
these different parta In Monocotyledons, the embryo consists of a 
single phyton, -with a radicular merithid or radicle, a cauline or tigellus, 
and a foliar or cotyledon. In Dicotyledons, the embryo consists of two 
or more phytons united, with their foliar mcrithals (cotyledons) distinct, 
while tlieir caulme and radicular’ merithals form each a single organ. 

641. In tracing the various parts of plants, it has been shown that 
aU may be referred to the leaf as a type. Tliis morphological law was 
propounded by linnmus and Wolff, but it is to Gocdie we owe the full 
enunciation of it. Vegetable morphology, the study of forms, or the 
r^erehcc of the forms of the parts of plants to the leaf, is now tlie 
basis of organography; and it will be observed, that in considering the 
various organs, this has been kept constantly in view, ^fhe calyx, 
corolla, stamens, and pistil, are only raodilications of the leaf adapted 
for peculiar functions. It is not meant that they were originally leaves, 
aiidjrere afterwards transformed; but that they are formed of the 
same elements, and turanged upoiT the same plan, and that in the 
changes which they midergo, and tlie relation whidh they bear to each 
other, they follow the same laws as leavts do. The different parts 
of the flower may be ehimged into each other, or into true leaves; or, 
ill other words, the cellular papiUcp from which they are formed are 
callable of being developed in different ways, according to laws which 
are stiU unknown. These changes may take place from without in¬ 
wards, by an anceiiclm/ or direct metamoiphosie, as in the case of petals 
becoming stamens; or from within outwards, by or retro- 

<)rade mcfaiimplnmis, as when stamens become petals. 

64 i. JiriTCts are very oiidently allied to leaves, both in their colour 
and form, lake leaves, bio, they produee buds in their axil. The 
monstrosity called lien and Chicken Daisy, depends on the develop¬ 
ment of buds in the axil of the leaves of the involucre. The sepals 
frequently present the appearance of true leaves, as in the liose. The 
lietals sometimes become green like leaves, as in a variety of Ranun¬ 
culus Plulonotis, mentioned by DecandoUc, and in a variety of Cam¬ 
panula rapunculoides, noticed by Dumas. At other times they are 
changed into stamens. Dccandollc mentions a variety of Capsella 
Bursa-pastoris, in which there were ten stamens produced in conse¬ 
quence of a transformation of petals.^ The stamens in double flowers 
arc changed into petals, and in Nymphasa alba there is a gradual 
trrinsition from the one to the other. Sometimes the stamens are 
elianged into carpels, and bear ovules. This has been seen in Wall¬ 
flower, some WUlows, Poppy, &c. Petit-Thouars noticed a plant of 
Ilousdeek, in which the one half of the anthers bore ovules, and the 
other half poUen. The carpels, as in the double Cherry, may be seen 
in the form of folded leaves; in double flowers they are transformed 
into petals, and in other cases they are developed as stamens. It is 
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said ^at increase of temperature, and luxuriance of growth, sometimes 
make flowers produce stamens only. In plants having unisexual 
flowers, this is more liable to take place, as irj Melon, Cucumber, &c. 
Increarod vigour seems to be required for the development of stamens, 
for some fir trees in th^ young state bear cones, and produce male 
flowers only when they readi the prime of life. 

643. Symmetry of Oraana. —^In the progress of growtli, the plants 
belonging to the different divisions of the vegetable kingdom follow 
certain organogenic laws (ogyemor, an organ, and ymyduy, to produce), 
the operation of which is seen in tlic definite arrangement of their 
organs. The flower consists sometimes of three, at other times of four 
or five equal sets of organs, similarly and regularly disposed. Thus, 
the Iris has three straight parts of its perianth, and three reflexed ones 
alternately disposed, while the Fuchsia lias four parts of the caly.x 
alternating with four petals, and the Eose has five alternating portions. 
Hiis orderly and similar distribution of a certain number of parts is 
called nymmetry, and flowers are thus said to be symmotiical with vari¬ 
ous numbers of members. Wlien the number of parts is two, the 




flower is dimefms (Sif, twice, 
and a piut) (fig. 531), 

and the symmetry two-mcm- 
bered. 'l^en the niunber of 
parts is three, the flower is 
trinierom (rfay, three), and 



when tlie parts are arranged 
in an alternating manner (fig. 


__ _ 532), the symmetry is trigonal 

or triangular {r^eis, three, and 
\ . /ffca ^ V •I'ngle), as in the Lily. 

^ QQ if I (~0^ 'V When there are four parts, the 

I® OO 1) \ f ® OD ^ )’ flower is tetramerom 

V ^ o £>] ' i'ko symmetry is 

tetragonal or square (figs. 533, 
534), as in Galium and Paris. 
When there are five parts, the 
flower is peatoweroM (s-£»TE. five), and the symmetry (fig. 

535), as in Eanunculus. The number of parts in the flower is ini- 
cated by the following symbols; Dimerous Trimerous ^ Tetra- 
merous H Pentamerous ^. 


Fig. iiSl.--'I>iBgram of Oie dimerouB flower of Circfica Lntotiana, Enchanter's Nightshade. 
There are two carpels, two stamens, two dlviidoim of the corolla, opd two of the calyx. Tlie 
flower is Isostemonous. 

Via. ftSSl.—Diagram of the irimeroiis Isostemonous flower, of Cnoorum tricoccum. The AotkI 
envfuopeB ore arranged in sets of three, and so are the essential organs. 

, l^g. 633.—^Diagram of tho tetramerous Irostemonoiis flower ca Zieiia. The organs arc ar-* 
ranged in verticils of four parts each. 

634.—Diagram of the tetramerous Dipiexstemonous flower of Suta gravoolena. Tliere u'c 
four carpels, eight stamens, or four in each Tcrtidl, four foliolcs of tiie calyx, and four petals. 
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644. There are also other kinds of arrang^ents in flowers, which 
may be referred to certain modifications in the organogenic law. Thns, 
what is called ohUmg or two mid two-nwndtertd symmetry, occurs in 
cases where the opposite ends are similar, and the opposite sides as in 
the arrangement of the stfimens of Cruciferse. Again, s«»npfe symmetiyis 
that in which the two sides of the object iire exactly alike, without any 
further repetition, as in papilionaceous, personate, and labiate flowers, 
JUS well as in most leaves. The term symmetry, however, is properly 
confined to cases where the parts are firranged altemiitely, and are 
either equal or some multiple of each other, and has no reference to 
the forms of the different parts. In the very young state, the parts of the 
flower appear as a shallow rim, from which the petals and sepak arise 
as mammilla;, in a symmetrical manner. In the case of irregular 
corollas, the parts at first appear regular, as shown by Bameoud.* In 
speaking of flowers, it is usual to call them symmetrical when the 
sepals, petals, and stamens follow the law mentioned, even although the 
pistil may be abnormal. Thus, nuiny Solatiacea; are pentamerous, and 
have a dimerous ovary, yet they arc called symmetrical. In Crucilene, 
the flowers iue, properly speaking, unsymmetrical, for while there are 
four sepals iuid four p(;t^, there are six stamens in place of four. 
Tliis depends apparently on the long stamens being in reality composed 
only of two, the filament of Ciich of which is split by a process of chori- 
zation (1[ 383), and each division forms for itself by multiplication a 
perfect anther. In Papilionaceous flowers, the parts are usuaUy sym- 
metriciil, there being five divisions of the calyx, five petals, and ten 
.stamens in two rows. 


{fQ 

i 
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645. It will be seen that flowers constituting trigonal or pentagonal 
symmetry, may present what has been called simple symmetry, when one 


*AQnales des Sciences NatifreUcs» November, 1846. 

. itf. thei>e!itaineroiislBostoTnonous dower of Cmssula nibens. crcec, Parts 

(f the calyx, pppp p. Petals ^teraatinK with tlie leaves of the calyx, a e e p e, Stamens alter¬ 
nating with tlie petals, o, Accessory IxMlies in the form of stales, or a di^ alternating with tlie 
stamens. These scales are often an abortive row of stamens, o. Carpels alternating with the 
stamens, and opposite to the scolea 

Fig. of the pentamemns flower of Sodum Telephium. The stamens arc ten, 

arranged in two alternating verticils. The flower is Diplostemonoua 
Fig. /^.—Diagram of tiie pentamerous IMpiostemonous flower of Goriaria nQrrtdfoUa; the 
parts of the four whorls alternating, the vertieU of stamens being double. 

Fig. 538.-—Diagram of tiie ti'imcroiu Diplostemonous flower of Ornithogidam pyren^cum. 
Stamens six in two alternating verticils. 
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of the petals or sepals becomes more developed than the others. In Di¬ 
cotyledonous plants, it is common to meet with pentagonal (figs. 535, 
536, 537) and tetragonal (figs. 533, 534), symmetry, the parts bemg 
arranged in fives and fours, or in multiples of these numbers. It is 
common to find the stamens more numerous than the petals, and in that 
case they are arranged in different verticils, each alternating with that 
nes* it. Thus if there are five sepals, five petals, and twenty stamens, 
the latter are considered as forming four verticils. No doubt the verticUs 
are often traced with difficulty, more especially when adhesions take 
place. In Monocotyledons (fig. 538), the parts are usually in sets of 
three, or in some multiple of that number, exhibiting trigonal symme¬ 
try. . In Acotyledons, when any definite number wm be traced, it is 
found to be two, or some multiple of two. The teeth of Mosses are in 
sets of four, or some multiple of four. The spores of many Acotyle¬ 
dons are also arranged in fours. ^ 

646. Tcnttolvgr. —-There has thus been traced a tendency to sym¬ 
metrical arrangement in plants. But the parts of plants are often 
modified by natural causes which carmot be explained. It is assmned 
tliat each of the similar members of a flower have the same organiza¬ 
tion, and a similar power of development; and hence, if among these 
similar parts some are less developed than others, they are considered 
as abortive, and these abnormal states are traced to changes which 
take place in the earlier stages of growth. Such changes often inter¬ 
fere with the symmetry of the flower. Alteration in the symmetrical 
arrangement, as well as in the forms of the difierent parts of plants, 
have been traced to suppression or the iwn-development of organs, degen¬ 
eration or imperfect formation, adhesion or union of one part to anoffier, 
muMplieation of parts, and unMtdng or chorieation. The study of 
Teratologg (rsyof, a monstrosity, and Xayos* treatise), or of the mon¬ 
strosities occurring in plants, has led to many important conclusions 
relative to the development of organs, and it is only by tracing the 
parts of plants through aU their stages and transformatious, that correct 
ideas can be formed as to their relations and forms. 

647. By suppression is meant tlie non-appearance of an organ at the 
place where it ought to appear if the structure was normal; the organ 
being wanting to complete the symmetry. This suppression is liable 
to occur in all the parts of plants, and gives rise to various abnor¬ 
malities. Suppression may consiskin the non-appearance of one or more 
parts of certain verticils, or of one or more entire verticils. In the 
flowers of Staphylea (fig. 539), there are five parts of the calyx, five 
petals, five stamens, and only two carpels; in many CaryophyUacese, 
as Polycarpon and Holosteum (fig. 540), while the calyx and corolla 
are pentamerous, there are only three or four stamens and three car¬ 
pels; in Impatiens noli-me-tangere (fig. 541), the calyx is composed of 
three parts, while the other verticils have five; in Labiate flowers, there 
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are five parts of the caljrx and corolla, and only four stamens; and in 
Tropffiolum pentaphyllum (fig. 542), there are five sepals, two petals, 
eight stamens, and toee cari)els. In all these cases, the want of sym¬ 
metry is traced to the suppression of certain parts. In the last men¬ 
tioned plant, the normal number is five; hence it is said that there 




are three petals stipprcssed, as shomi by the position of tlie two 
remaining ones (fig. 542); there are two rows of stamens, in each of 
which one is awanting, and there are two carpels suppressed. In many 
instances the parts which are afterwards suppressed can be seen in the 
early stages of growth, and occasionally some vestiges of them remain 
in the fully developed flower. Sometimes 
the whorl of the petals is awanting, the /^p 
flowers being apetaUms («, privative, mid |qQ ) 

3 -£t«aoi>, a led") (fig. 543), and in such cases \ 
it is common to see the stamens opposite to 
the segments of the calyx, as in Chenopo- 
diaceaj (fig. 544). That this suppression of the petals takes place is 
shown in the case of cerbiin allied plants, as m the natural orders 
Caryophyllacese and Paronychiace®, where some species have jictals 
and o&ers want them. 

648. By the suppression of the verticil of the stamens or of the 



Pig. 539.—niagrara of the flower of Staphjrlea plnnata. The parte of the calyx» coivlla, and 
stomeDfl are {^utamerouA, while the pistllf in consequence of the supi>re8sloR of thi^ carpels, in 
dimerous. 

Klg. 540.—IMagroiD of the flower of Holostoum umbcUatunL There fire five calydne dividous, 
and five petals; but the stamens, by the suppresdon of one, are only four in number; while the 
C!tri>els are, by suppression, reduced to three. Thus, the flower Is unsymmetrical. 

5tl.—Dtagr^ of the flower of linpatic^ pmwiflora, Mith one of the calycino leaves 
spurred. There are flve carpels, five stamens, five petals, one of which is Im’ger than the rest, 
but only three parte of the cidyx, in consequence of suppr^on. 

Pig. 543.—Diunuin of tlie flower of Tnipeeolum pentaphyUmn, with a sparred or calcaratfi 
calydne leaf, lue petals, by suppression, arc redact to two; the stamens are eight In place of 
tern and the carpds three in plu^ ot five. 

Fig. 643.—Diagram of the fiowor of Glaux maiitimo, showing the suppiesuion of the vexHcU of 
the corolla. There are five dtvidons of the odyx, flve stamens alternating with them, and flve 
divisions of the ovary, with a central i>l»xmtation. 

fig. 544.—Dlagram of the floirar of Chtmopodiurn album, showing the suppiession of the ver> 
ticil of the corolla The flve stamens, in this cose, arc oppodte to the liJvidons of the calyx, thus 
exhibiting the amngement which might be expected from a non~deveiopment of the corolla 
The divinons of the ovary are not easily seen, the placcntation being centrm. ^ 
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carpels, flowers become unisexual (units, one and sexus, sex), or diclin¬ 
ous (lie, twice, and xXinii, a bed), and are marked thus, ^ 5 ; the 
first of these symbols indicatiag the male, and the second the female 
flower. Thus, in Jatropha Curcas (fig. 314), the flowers have five 
segments of the calyx, and five petals, while in some (fig. 314, 1) the 
pi^ is awanting; in others (fig. 814, 2), the stamens. In the gemis 
Lychnis, there are •usually stamens and pistil present, or the flower is 
hermaphrodite, or mmoclinous (ftovos, one, and xAivs, a bed); but in 
Lychnis dioica, some flowers have stamens only; others pistils only. 
Thus it is that rtunfwecmm and dioecious (ftenoi, one, Sh, twice, and 
e’/jwon, a habitation) plants are produced by ^e suppression of the essen¬ 
tial organs of the flowers, either of the same or of different individuals 
of the same species; while polygummus (a-oxif, many, and •yifiat, mar¬ 
riage) plants are those in which, besides unisexmil, there are also her¬ 
maphrodite or perfect flowers. 

649. Some parts of the pistil are generally suppressed in the pro¬ 
gress of gro'wth, and hence it is rare to find it gunmetrical with the 
other whorls. When the finiit was treated of (1 522), it was shown 
that carpels and ovules often become abortive by pressure and 
absorption, so -that the pericarp and seeds differ in their diidsions 
and number fium the ovary and ovules. If the whorls of tlie calyx 
and corolla are awanting, the flower becomes naked or achlamydtxms 
(^ 351). It may still, however, be fitted for the functions of producuig 
seed; but if the essential organs, viz., tlie verticils of stamens and 
pistils, are suppressed, then tlie flower, however showy as regards its 
envelopes, is unfit for its functions, and is called neuter. Flowers hav¬ 
ing staunens only, are staminiferous, standnal, sterile; or those having 
pistils only, are pistiMferom, pistillate, or fertile. The suppresidon of 
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various verticils, and parts of them, is well seen in the family of the 
Euphorbiacea! (figs. 545—550). Thus, in fig. 545 is delineated an 

Figs. S4S—5Sfl.— Diagrams of flowers of Enphorbiaeeous plants, becoming more and more 
Simple. (L) The ealjra Is the only envelope, and consists of tliree parts in flgs. MS, S4(l, and S47. 
It is completely suppressed in flga 548, 54il, and 5S0, and its place is occnpiim by a bract, in the 
axil of wbicb the flower is produced; this bract being accompanied in flga 648 and 649 with two 
small bractlets. (2.) The mole flowers in fig. 645 have three stamens, in figs. M6 and MS they 
have two, in flga 547 and M9 one stamen only is developed, and in fig. 660,1, the solitary stamen 
has only one anther-lobo. (a) The female flower in fig. 650, if, is reduced to a single carpet, with 
a bract in the axil of which it is produced. 

Fig. 648.—Diagram of a staminiferous flower of Tragia cannaliina. 

Fig. 640.—Diagram of a staminl^ous flower of Tragia voiuhilia 

Fig. 647.—Diagram of a staminiferous flower of Anthostoma senegaiense. 

Fig. 648.—Diagram of a staminiferous flower of Adenopeitis colliguaya. - 

Fig. 640.—Diagram of a staminiferous flower of a Euphorbia. 

Fig. 650.—L Inagram of a staminiferous flower of Nidas minor. 2. Of a pistiUifbrous flower of 

Kaiaanu^. 
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apetalous trimerous staminal flower; in fig. 546 one of the stamens is 
suppressed and in fig. 647 two of-them are=awanting. Again in figs. 
648, 549, 560, the cdyx is suppressed, and its place occupied by one, 
two, or three bracts (so that the flower is, properly speaking, achla- 
mydeous), and only one or two stamens produced. In fig. 550, 1, 
there is a sterile flower, consisting of a single stamen with a bract; and 
in fig. 550, 2, a fertile flower, consisting of a single carpel with a bract. 
Ihere is thus traced a degradation, as it is called, from a flower with 
three stamens and three divisions of the calyx, to one with a single 
bract and a suigle stameu or carpel. 

650. It is common to find some of the buds of a plant suppressed, 
thus altering the spiral arrangement. Such, buds, however, are often 
capable of being developed, if any accident occurs, or if the plant is 
2 >ruiied. Deficiency of light and of air, and want of proper notudsh- 
ment, are capable of producing abortions of various kinds. The non- 
development of a branch gives rise to clustered or fascicled (Jascis, a 
bmidle of twigs) leaves, as in the Larch, and to fascicled twigs, as 
ill a common bu'd-nest-like monstrosity of the Bfrch. When the 
true leaves of a plant are suppressed, their place may be occupied 
by a tendril, as in Lathyrus Aphaca, in which the stipules perform the 
functions of leaves (51 201); or the petiole may be developed in a 
peculiar way, as in the phyllodia (K 157) of some Acacias. 

651. Degeneration, or the transformation of parts, often give rise 
eitlier to an .appiirent wtmt of symmetry, or to irregularity in form. 
Branches, when not properly developed, may assume the form of thorns 
or spines 200), as in the Hawthorn and Wild-plum; and by cul¬ 
ture these spines may be converted into leaf-bearing branches. Leaves 
often become mere scales, as in Latlirsea, Orobanebe, and in Bulbs. 
The limb of the calyx may apiiear as a rim, as in some Umbelliferai; 
or as pajipus, in Compositas and Valeriana. In Scrophularia, the 
fifth stamen appears as a scale-Ukc body, called staminodium (fig. Mfi); 
in many other plants belonging to the Scrophulariaccas, it assumes the 
form of a filament, with hairs at its apex in place of an anther. In 
unisexual flowers, it is not uncommon to find vestiges of the un¬ 
developed stamens in the form of filiform bodies or sc^es. To many 
of these staminal degenerations, Linnasus gave the name of nectaries. 
In double flowers, transformations of the stamens and pistils take place, 
so that they appear as petals. InsCannsE!, what are called petals are 
m reality metamorphosed stamens. Allusion has already been made 
to the various changes which the different parts of the flower thus 
undergo. The object of the florist is to produce such monstrosities; 
and flowers, which by him are considered perfect, are looked upon by 
the botanist as imperfect, from the want of the essential organs. 

652. Adhedon, or the growing together of parts, is a very common 
cause of changes both as regards form and symmetry. The union of 
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stems gives rise occadonally to aaomalies, as in the fasciaUd stalk of 
Cockscomb (fig. 230), andithe flattened stems of some Conifers! (f 197), 
and probably also the pecnliar stems of certain Sapindaces! and Meni- 
Spennaceae of Braal (% 90). Some of these, however, may perhaps 
be traced not to adhesion, but to an abnornal development of buds, 
producing wood only in one direction in place of all round. Natural 
grafts occasionally occur from one branch of a tree uniting to another. 
Boots also sometimes become grafted, and to this has been attributed 
the vitality occasionally preserved by the stiunps of Spruce-firs which 
have been felled on the Swiss Alps. The imion of two leaves by their 
base, forms a connate leaf, and the adlicsion of the lobes of a single 
leaf on the opposite side of the stalk, gives rise to perfoUatc leaves 
(fig. 156). The union of the edges of a folded leaf forms Asddia, or 
pitchers (figs. 184, 187). The different parts of the same verticil of 
the flower unite often more or less completely, giving rise to a mono- 
phyllous or gamophyllous involucre (f 347); a monosepalous or 
gamosepalous calyx (fig. 273); a monopetalous or gamopetalous corolla 
(figs. 293, 294, &c.); monadelphous (figs. 307, 314, 1), diadelphous 
(IT 399), and polyadelphous (figs. 315, 551), stamens; syngenesious 
antliers (K 417); a gynandrous column (f 400); and a synciupous 
ovary (fig. 383). The different verticils of the flower are trequently 



adherent. The calyx is often united to the corolla or to the stamens, 
or both (fig. 308); the stamens may adhere to the corolla (fig. 552); 
or there may be a union of the foijr verticils of the flower, so that the 
calyx becomes superior (fig. 309). In some instances, when the axis 
is elongated, adhesions take place between it and certain whorls of the 
flower. Thus, ip some Caryophyllacese (fig. 553), the calyx, c, bear- 

Tlk, 801-<~-Onc of tbe five bundles of stamenB taken from the polyadelphous flower of Malva 
xninii^ Stamens are jinited by tbelr filaments. 

Ftb^.—Fortion garoopetalous or monopetalous corolla, p, of a CoIIomla, showing part 

of tlS^be U terminacM by two lobes of the lim^ 2, and having me stamen, e, inserted into it, 
andi^^dted to It, so that the upper part of the filament, ^ only is ftee. 



TERATOLOST.—MCLTIPMCATIOH AKD CHOEIZATIOlf. 815 

ing the stamens, e, and petals, p, becomes tinited to the axis, g, which 
supports the orary, o. In Cappaiidacese (%. 554), the calyx, c, and 
petals, p, occupy their usual position, but the axis is prolonged in the 
form of a gynophore, ag, to which the stamens, e, are tinited. Occa¬ 
sionally, contiguous flowers may unite, giving rise to double fruits, as 
is sometimes seen in Apples, Grapes, and Cucumbers. 




C53. MultipUraimi, or an increase of the number of parts, gives rise 
to changes in plants. It is often foimd, that in plants belonging to the 
same natural order, the number of stamens in one is greater than that 
in another, either in consequence of additional stamens being developed 
in the verticil, or on account of the production of additio)^ verticils. 
The same thing is met with in the case of tlie other whorls, and is 
well illustoted in the formation of the disk (f 428). Multiplication 
causes a repetition of successive whorls, which still follow the law of 
alternation. 

654. Parts of the flower are often increased by a process of dedupU- 
cation^ wdining, dilarnimition, or charkation, Le. the separation of a 
lamina from organs already formed (T 383). This is believed to take 
phuse in a remarkable degree in the case of appendages to petals. 
Thus, in Eanunculus, the petal (fig. 555) has a scale at its base, «, 
which is looked upon as a mere*fold of it. This fold may in some 

fig, 553.—Flower of Lychnis viscaria, one of tiia CuryophyllaceflB, cat lengthwise^ to sliow the 
relation of Ihi diifbrent parts, c, Gamosepolous calyx Petals witli their elongated unguis or 
cla^ u their limb, 2 1, and tho appendages, a «r, in the form of dtlainiuated scales of the pet^s. 

« e, Stuneua Pistil contists of the ovary, o, and live styles, s. g, i^ongatlon of the axis In the 
ibrm of a gyu^hore, or (uitbopliore boanng the petals, the stamens, and tho pistiL 
Fig. 564.—Flower of Gynandropsis palmipes, one of the Capparidaceas. c, Calyx, p. Petals, 
e, Stammis. a g*, Gynophore or elongated intomode or axis bearing the stamona a Qyno- 
phore or elongatcni intemode hearing the pistil, o/, Pistil composed of an ovary, o, a style and 
a stigma,/. 
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cases be more big^y developed, as m Catyophyllaceaj, and in Cras- 
sula rubena (fig. 258 a)^|fend it may even assume the characters of 
a stamen, which will therefore be opposite the petal, as in 
PrimulacesB. Some do not consider ^e production of scales 
or stamens opposite to the petals, as the result of choriza- 
tion. Ijindley argues against it fi'om what is observed in 
Camellia japonica, in which tlie petals are usually alternate; 
but, by cultivation, the law of alternation is interfered 
with, and the parts are so developed that the petals are 
opposite, and run in several regular lines, Irom the centre 
to the circumference. Agmn, by this process of chorization, 
one stamen may give rise to several Thus, in Luhea pani- 
culata (fig. 310, 1), in place of five stamens tlierc'arc five 
bundles (fig. 316, 2), composed partly of sterile filaments,/.s, 
and partly of filaments bearing anthers, /a; and each of these bundles 
is traced to a deduplication of a single stamen, imismuch as they arise 
from one point, and do not follow the law of alternation. Thus, dilami¬ 
nation repeats the single organs, and causes opposition of piirts. In 
the case of the fom: long stamens of Crucifer® (1[ 644), chorization is 
said to take place by a splitting of the filaments of two stamens; and 
thus the two stamens on each side are, by gemination (gemini, twins), 
normally one. This view is confirmed by ciises in which the fila¬ 
ments of the long stamens are more or less imited; also, by cases in 
which the shorter filaments exhibit tooth-like proces.ses on either side, 
while the longer ones have them only on tlie outer side. In such 
cases, tlie two long filaments, if imited, would present the same appear¬ 
ance as the shorter ones, and occupy their usual position of alternation 
with the petals. In some instances, by pelorizcttion (ireAijisj, mon¬ 
strous), it is found that tetradynamous plants become tetrandrous 
with equal stamens altemaling with the petals. 

655. Cultivation has a great effect in causing changes in the various 
parts of plants. Many alterations in form, size, nmuber, and adhesion 
of parts, are due to the art of the horticulturist. The development 
of cellular tissue and of starchy matter is ofl«n thus much increased, 
as may be seen in the case of Turnips, Carrots, and Potato. The 
succulence of the leaves of the Cabbage and Lettuce, and the forma¬ 
tion of a heart, as it is called, is due to cultivation; so also the curled 
leaves of Savoys, Cress, Endive, &e. The changes in the colom: and 
forms of flowers flius produced are endless. In tlie Dahlia, the 
florets are rendered quilled, and are made to assume many glowing 
colours. In Pelargonium, the flowers have been rendered larger and 
more showy; and such is also the case with the Kanunculus, the Au- 


. Pig. 868.—Petal of KannncnltiB Hcarla, viewed on the Inside. I, The Ilmh. a, Small scaly 
at its base formed by diorization or dilamiuation. 



VESETABLE lEBTTABlUTr. jl? 

ricula, and the Carnation. Some flowers, with spmred petals in their 
usual state, as Columbine, are changed so that the spurs disappear; 
and others, as Linaria, in wliich one petal only is usu^y spurred are 
altered so as to have sJl the petals spurred. 


SECJTION IV.—SOME GENERAL PHENOMENA CONNECTED 
WITH VEGETATION. 

1.—VEGETABT.E IHHITABILITV. 

656. Under this head are included certain sensible movements oi 
living plants, exercised without any direct application of mechanictil 
force, and not referable, to mere elasticity, or the hygroscopic nature 
of the tissues. These motions are influenced cliiefly by light and heat, 
and, like many iJienomena occurring in organized beings, they cannot 
at present be explained by chemical or mere mechanical laws. They 
may, however, be excited by stimuli of a chemical or mechanical 
nature. Although the cause of them is obscure, still, in some instances, 
their use is obvious. 

657. Among the lowest classes of plants there are some peculiar 
movements of this kind. The simplest members of the Sea-weed tribe 
occasionally move throughout their whole substance. OsciUatorias, 
whidi sue filaments composed of cells placed end to end, containing 
fluid and granular matter, have an imdulating movement, by means of 
which they advance. When placed in fluiils under the field of the 
microscope, some of them may tlius be seen to pass fiom one side to 
the other. Tlie filaments sometimes twist up hi a spiral manner, and 
then project themselves forward by straightening again. The motions 
are influenced by temperature and light, and by some are considered as 
being connected with the production of new cells. The spores of many 
Cryptogamic plants, especially species of Vaucheiia, Conferva, and Proli- 
fera, e.xhibit motions which, according to Thxnet and Decaisne, depend 
on the presence of cellular hair-like processes, called cilia or tentamla. 
These motive organs arc in a state of constant agitation, which lasts for 
some hours, becoming slower, and finally ceasing after germination has 
commenced. In the spores of Conferva glomerata and rivuiaris (fig. 
b‘)l), there are two of these cilia ctr filiform tentacula, which project 
Irom a colourless rostrum. In Chajtophora elegans, var. fusiformis, 
four have been seen (fig. 432); in Prolifera (fig. 433), there is a circle 
of cilia, and in Vaucheria (fig. 434), the spore is entity covered with 
very short cilia, the vibration of which determines their forward move¬ 
ment These spores, from tlicir movements, have received the name of 
Zoospores (f 492). Mr. Thwaites accounts for the rhythmical move¬ 
ments of cilia by electrical cuxrentsi- In certain ceUs of Cryptogamic 
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plants, ^ecially m what are called Antberidia, bodies are met with 
called Phytozoa (1 492), which also exhibit movements during a part 
of them existence. 

658. Eemaikable movements have also been observed in the higher 
dasses of plants. The fovilla contained in the poUen-grain in a young 
state, when moistened with water, exhibits movements when viewed 
under the microscope. These movements have by some been referred 
to irritability, but by Brown and other accurate observers, they are con¬ 
sidered as merely molecular, and similar to what takes place between the 
minute particles of inorganic matter—^as, for instance, finely powdered 
(lamboge suspended in water. These fovilla movements are easily seen 
in the very young poUen of Antirrhinum majus. Certain movements 
also take place in the floral envelopes. Thus many flowers open and 
close* at particular periods (T 483—^85); these phenomena depending 
on light, temperature, and moisture. Leaves also, especially those 
which are compound, are folded at certain periods in a distinct and 
uniform manner, "t^at was called by Limucus the sleep of pkmts, is 
the change produced on leaves by the absence of light. It is by no 
means ai^agous to the sleep of animals. During diirkncss some are 
slightly twisted and hang down; others, such as pinnate and temate 
leaves, liave tlie leaflets folded together, and frequently the common 
petiole depressed. The youngest leaflets first exliibit these changes; 
and when the plants become old, and their tissues hardened, the 
irritabihty is often much diminished, as is seen in Oxalises. Tlie fold- 

* ing of the leaflets of compound leaves usually takes place from below 
upwards, but .sometimes in the reverse manner, as in Tephrosia 
Caribtea; so also with tlie common petiole, which Ls directed upwiirds 
during sleep in the Cassias, and downwards in Amoiqiha. Wlien be¬ 
sides me common petiole there are partial petioles, as in the Sensitive 
plant, they may be bent inwards tow^ds each other, while the former 
is bent downwards. r..-t 

659. Mimosa senativa^hd piidica, commonly called sensitive plants, 
display these movements of their leaves in a remarkable degree, not 
only tmder the influence of light and darkness, but also under mechani¬ 
cal and other stimuli They have bipinnate leaves with four partial 
petioles proceeding fi^m a common rachis, and each of the petioles is 
furnished with numerous pairs (about twenty) of leaflets, which are 
expanded horizontally during the 'day. During darkness, or when 
touched or irritated in any way, each leaflet moves upwards towards 
its fellow of the opposite side, which in its turn rises up, so that their 
upper surfaces come into contact. When the movement commences 
at the apex ofthe leaf, it usually proceeds downwards to the base, and 
Ihenee may be communicated to the leaflets of the next partial petiole, 
^d ultimately to the common petiole, wU^ falls down towards the 
Item; 'The ^partial petioles then «onver^ towards ea<^'-other, and 
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have a tendency to become parallel to the common petiol^ at the ex¬ 
tremity of which they are suspended. When the plant is shaken as 
by the vdnd, all the leaflets close simultaneously, and the petioles drop 
together. If, however, the agitation is long continued, the plant seems 
as it were to become accustomed to the ^ock, and the leaflets will 
expand i^ain. ITie stem itself is not concerned in the movements. 
It may be cut and wounded cautiously without causing any change in 
the leaves, and a portion of it may be removed with a leaf attached, 
and still remaining exptmded. If, however, a mineral acid is applied 
to tlie stem, after some time the petioles wUl fall and the leaflets 
coUapse—the leaves perishing with the stem which has been moistened. 
The chemical action of the acid and absorption cause these phenomena. 
When a sensitive plant is exposed to ortiiicial light during tlie night, 
DecandoUe found that its leaves expanded, and that they closed when 
put into a dark room dining the day, showing the influence which 
light has on these phenomena. It is to be remarked, however, that if 
the plant is kept for a long period of time in darkness, it will ultimately 
expand its leaves, and the phenomenon of folding and oi>eniag will go 
on, although at very irregular intervals. 

660. The temate leaves of many species of Oxidis fold not merely dur¬ 
ing darkness, but also when agitated or struck lightly and repeatedly. 
Each of the leaflets folds upon itself, and then bends dow^ards upon 
jhe common petiole. The plant called Desmodiuui gyrans, the moving 
plant of India, has compound leaves consisting of a large terminal 
leaflet, and usually two smaller lateral ones. The latter are in con¬ 
stant movement, being elevated by a succession of little jerks, luitil 
they come into contact, and sometimes even slightly cross each other; 
after remaining in this position for a short time, they separate from 
cadi other, and move downwitfds by rapid jerks on opposite sides of 
the petiole. This process is constantly repeated, and goes on in a 
greater or less degree, botli during day and night, but is most vigorous 
•luring warm moist weather. The large tenninal leaflet undergoes 
movements also, oscillating very gradually fi-om one side to the other, 
and becoming horizontal or depressed. By the lateral osdllatory 
movement, the leaf becomes inclined in various ways, often assuming 
a remarkable oblique direction. Hie upward and downward move¬ 
ments seem to depend on the influence of light and darkness. Ihiring 
the day the leaf becomes more or less horizontal, while during dark- 
ne* it hangs down. Similar movements are seen in other species of 
llesmodium, as D. gyroides and vespertilionis. 

661. The movements in these cases have, by Martins and Meyen, 
Tieen referred to the presence of some stracture analogous to the 
nervous B;ptem in animals. There is, however, no evidence of such a 
stmeture m plants, and these authors have not pretended to prove its* 
existence. It is to be remarked, that the movements differ in many 
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respects animal contractility. They are usually movements, 
and may’ be referred to certain changes in the organs, causing dis- 
tentipn or contraction of these tissues. Dutrochet and Morren refer 
them to alterations in tlie circulation of fluids and air in the vessels 
and cells. In plants with irritable leaves, there are &equently 
swellings where the leaflets join the stalk, as wdl ^ where the stalk 
joins the stem. These swellings contain cells which differ in their 
dimensions and their contents, and the movements axe considered as 
being produced by changes in the contents of the cells, some of which 
become more distended than others, and tlins cause incturation or 
folding. In these swellings the vascular bundles are disposed in a 
circle near the periphery, and may be concerned in the movements. 
Mechanical and’ chemical stimuli are supposed to act by inducing 
alterations in the contents of the vessels and cells. 

662. In the case of the sensitive plant, if the swelling at the base of 
the common petiole is touched even slightly on its lower side, it is 
followed by insbint depression of the whole leaf, but no such effect is 
produced if die upper portion of the swelling is lightly touched. 
Again, touching the litde swelling at the base of each leaflet on its 
upper side, causes the upward movement of the leaflet, but no such 
effect follows cautious touching of die lower part of the swelling only. 
If a pair of leaflets is touched at the extremity of a petiole, the irritation 
is usually continued downwards from apex to base; but if a pair at the 

■ base are touched, the progress of folding is reversed. Clear warm 
weather, with a certain degree of moisture, seem to be the conditions 
most favourable for these movements. They are seen best in young 
plants. The leaves of the sensitive plant contract under the action of 
electricity and galvanism. Some suppose, that in the sensitive plant 
there are two lands of cells connected ■with the upper and lower sides 
of the leaves and petioles; the one set being ■conti'actile, and causing 
the closing of the leaflet and the fall of the petiole, the other being 
acted on diiefly through the circulation. In die case of die petiole, 
it is conceived diat the tissue on the lower side of die swellings is 
contractile, while that in the upper is distensible. Tlie turgescence 
of the latter, which is kept up by light, counteracts the contractility of 
the former, and maintains an equilibrium, so as to keep the petiole 
erect; but when acted on by cold, mechanical irritation, &c., the 
equilibrium is disturbed, and the scontractility operates in depressing 
the petiole. A careful microscopic dissection of die swelngs, shows 
•peculiar cells in some pars, which seem to differ in theircontents 
fixim others in their -vicinity. 

663. In the sensitive species of the Desmodium and Oxalis, the 
novements are not so etridentiy influenced by mechanical irritation. 

' i the former, the little leaflets are supported on swollen petiolules, 

d it is to the curvation and twisting of these in different directions, 
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tliat the movement seemed to be o-wii^. The leaflets remaiit flat 
do not fold on themselves. It is said that by arresting the vital 
iictions going on in the leaflets, by giving ^em a eoating of gum, and 
thus preventing transpiration and respiration, the movements axe 
stopp^, and t£it they recommence when the gum, is removed by' 
water. Cutting a leaflet across, and only leaving a small portion of its 
lamina attached to the petiolule, does not immediately stop the move¬ 
ment of gyration. In such a case, however, the motion ultimately 
ceases, while it continues in the uncut leaflet. So also, if a leaflet is 
divided longitudinally into two parts, each of them continues to move 
for a time, but the motions cease as the process of desiccatiem goes on. 

fi64. There axe occasionally cellular prolongations lrom’'Ae leaf, 
which, when touched, cause folding. Thus, in Dionssa muscipula, 
or Venus’s fly-trap, the lamina is articulated to the petiole, and consists 
of two free portions wliich are united together, by a joint along the 
midrib. On the upper side of each part of the lamina axe situated 
threii hail's with swellings at the base, and when these hairs axe 
touched, tlie halves approach each other from below upwards, so as 
to enclose any object, as a fly, which may happen to light on them. 
Similar movements, but in a much loss obvious manner, are said to 
take place in the leaves of Droseras or Sun-dews. The movements 
arc attributed to the same causes as those already mentioned, but 
the ultimate object is not known. 

665. Movements take place in some parts of the flower, occasionally 
with the view of scattering the pollen on the stigma. The stamens 
I )f various species of Berberis and Mahonia, are articulated to the torus 
or thalamus, and when touched at their inner and lower part, move 
towards the pistil. In Pamassia palustris, the stamens move towards 
the pistil in succession to discharge their contents. The Helianthe- 
iimm vulgare or common Roefc-rose, exhibits stamina! movements 
also connected with the btirsting of the anthers. Morren has noticed 
sensitiveness in the andrmcium of Sparmannia africana and Cereus 
grandifloms. In the Nettle and Pelhtory, the filaments are confined 
in a peculiar way by Ihe perianth, and at a certain period of. growth 
they are released so as to allow their elasticity to come into play, by 
means of which the pollen is forcibly scattered (IT 497). In Groldflissia 
or RueUia anisophylla, the style has a curved stigmatic apex, which 
gnidually becomes straightened, so fts to come into contact with the 
hairs of the corolla, upon which the pollen has been scattered; and in 
Mimulus and Bignonia (fig. 406), the stigma has two expanded lobes 
which close when touched, a movement apparently in some way con¬ 
nected with fertilization. In the Passion-flower, and some Cacti, the 
.styles move towards the stamens. The species of Stylidium have the 
filaments and sfyles united in a common column, at the upper part of 
which the anther-lobes and stigma are placed. The column often 
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pmjectB beyopd the flow^, and is jointed. At the articulation mi 
irrit^de swelling occurs, which when touched or acted upon by heat 
and light, causai a sudden incurvation by which the column is thrown 
to the opposite aide of the flower, bursting the anthers and scattering 
^ pollm on the centtal stigma. After a time the column recovers 
its poation. These movements take place in the flower for some time 
after it has been removed from the plant and kept in water (f 497). 
Certain petals in some flowers, as in Orchidaceie, are said to move. 
Morren notices this in the case of species of Megaclinimn and Ptero.s- 
tylis. Gentiana sedifoMa closes its petals when touched. Drakaja 
clastica, a Swan River terrestrial Orchid, is remarkable for the irrita¬ 
bility of the stalk of the labellum. This stalk exhibits a moveable 
joint like an elbow. 

666. Chemical agents have an effect on the movements of plants. 
Some act by causing irritation, others by destroying irritability. Nar¬ 
cotic poisons, as opium, belladonna, and hydrocyanic acid, eitlier 
taken up by the roots or applied externally, destroy the irritability of 
plants. They cause closure of the leaves of the sensitive plant, and 
render it insentible to the action of stimuli Their prolonged action 
causes death, hut if they are applied in moderate quantity, the plant 
may recover, and again unfold its leaflets. It fmjuently happens, 
however, that the irritabilily continues for some time much impaired; 
so that mechanical stimuli do not sict in the same rapid and energetic 
manner as at first. Similar effects are produced by ether and chloro¬ 
form when sensitive plants are introduced into an atmosphere through 
which these substances are diffused. The effects may be produced 
locally by applying the vapour only to certiun parts of the plant. 
Experiments on the action of poisonous agents, both in the fluid and 
gaseous state, have been performed by Miucet, Christison, Tiinier, 
and others (If 292—^296).* 


2.—^TKMPBRATUBK OF I’l/ANTS. 

667. The heat developed during the expansion of flowers and the pre¬ 
paration of the poUen, especially in the case of Aroideaj, and also at the 
period of germination, Im been already considered (f 475, 476, &c.) 
These phenomena appear to be strictly of a chemical nature, and may 
he traced to the absorption of oSygen, and its combination with tlie 
carbon of the starch, the latter being converted into dextrine and 
grape sugar. It is now proposed to consider the observations which 
have been made relative to the gencRil temperature of plants. 

* For further observations on Irritability, see Putrochet, Hecherdios Anat. et Physiol sur 
Stnictitra intixne des Animanx ot Vegetuux, 1844. Mori'cn on the movements of the leaves of 
Oxalli: on the movement of the style of Cktldfitssia anisophylla, and of the column of Stylidiuro, 
in Bulletin. Acad. Boy. de Bruxelles, tom. iv. v. vi and xil Thuret and Decaiimc on the move¬ 
ment of spores, In Aimalcs dcs Sciences Katurelles. 
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668. Great difierenoes of opinion have prevailed as to the existence 
of & proper heat in plants. Hunter examined the heat of the inter¬ 
nal parts of the trunks of trees by boring boles of different depths in 
them, and inserting thermometers; and similar experiments were made 
by Schubler at Tubingen. The results of these experiments were, 
ik. That the temperature of trees is higher than that of the air in 
\vinter, and lower in summer; 2d. That the temperature corresponds 
to the depth in the soil to which the roots penetrate; and, 3d. That 
it depends on the temperature of the fluid matters taken up by the 
rcKjts, as well as the bad conducting power of the wood of the trees. 
Dutrochet instituted a series of experiments to determine the tempera¬ 
ture of the growing parts of plants. He found, by means of a thermo¬ 
electric apparatus, that this varied from two or three-tenths of a 
degree, to one degree above that of the air. This generation of heat 
only takes place when the plant is active and vigorous, and seems to 
be connected with processes going on in the interior of the cells. It 
reaches a daily maxuuuni, the period of which varies in difierent plants, 
according to tlieir vigour. ltameau.x has confirmed Dutrochet’s ob¬ 
servations. There appear, therefore, to bo two sources of heat in 
]>lante, one depending on organic actions carried- on in the growing 
jiurts, and the other on meteorological influences, which eitiier act 
directly through the air, or indirectly through the fluid matters 
brought up from a certain depth in tiic earth.* 


3. ■—i.i Misosrrv or i-lants. 

669. Luminous appeiuances Inive been observed in certain plants. 
nie.sc liave been long noticed in tlie lower classes of plants, such as 
Fungi Decaying wood, in which Fungi are developed, is sometimes 
luminous, hfc. James Drummond describes some species of Agaric, 
near the 8wan River, growing on the trunks of Banksias and other 
trees, which emitted at night a phosphorescent light sufficient to 
enable him to read. A phosphorescent Agaric, with the upper sur¬ 
face of the pileus black, while the centre and giUs were white, was 
noticed by Mm on the trmik of a dead Eucalyptus occidentalis. Hie 
Agiiiicus Gardneri, found in Brazil, gives out a light of a pale greenish 
hue, similar to that of fire-flics. It js found growing on a Palm, and 
ic called Flor de Coco. Defile found luminosity in the Agaricus 
olearius, near Montpelier. In the coal mines of Dresden, certain 
Rhizomorphous fungi have long been celebrated for the light which they 
emit. The spawn of the Truffle (TSiber cibarium) is said to present 

* remarka on tlie Snli^cct of Vegetable Heat, sec It^eaux'a papers in the Anaales 

(les bdences Naturelles, Jtmuarjrt 1843. SchiUbler’s cxpeiiments In Fo^gendorff AnniUen, x- 5{hi; 
p'anslu^ in Hioxoson's Chemtetry of Vegetables, p. 959. Dntrochc^ Ann. des Sc. Nat. (n. a) 
torn. xlL Gardner in Linn. Ti'ans. for Dec. 1841, and In Pli}lo8ui)h. Mag. for July, 18*2. 
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similar appearances. Some have said that the luminosity of these fungi, 
as well as of decaying wood, is increased by exposure to oxygen gas. 
Some consider it as connected with the absorption of oxygen, being 
in reality a slow spontaneous combustion; whfle, according to others, 
it is referable to the liberation of phosphorus from some of its com¬ 
binations in the plant. 

670. Tliese luminous appearances are said not to be confined to fimgi. 
The younger Linnseus states, that the flowers of Nasturtium, Orange 
Lily, and African Marigold, at the end of a hot summer day, give out 
intermittent light. Mr. Bowden and Mr. James confirmed this by 
observations on the common Marigold and Papaver pUosiun; while 
other observers have noticed the phenomena in the Sun-flower, French 
Marigold, species of (Enothera, and Arum. It is to be remarked, that 
the flowers said to be thus luminous, are all of a more or less orange 
colour, and that the phenomenon takes place in still warm summer 
evenings, towards twilight. Hence, Professor Allniim is disposed to 
attribute them to optical illusions, depending on a peculiar intermit¬ 
tent effect on the retina. Some authors mention tlie occurrence ol‘ 
luminous sap in plants with milky juices, as the Euphorbia phosphorea 
of BrasdL A rhizome of an endogenous plant from India, is said, when 
moistened, to acquire a phosphorescent appearance, and to lose this 
property when dry'. 

, 4.— coeouKS OK i‘i,AN rs. 

671. Colour is not of much importance in bofeiny as regards ckissi- 
fication and arrangement. It is chiefly in the case of Fungi that it is 
employed as a means of diagnosis. Perhaps the want of an ivccurah! 
nomcnclattue of coloius in botany may have in part led to this. Mir- 
bel and -Henslow have proposed a nomenclature, which consists in 
referring Ml natural colours to certain absolute tints and shades, deter¬ 
mined according to fixed laws. Thus, the latter assumes three prim¬ 
aries, as red, blue, and yellow, which together give white light, and 
derives aU others from admixtures of these in definite proportions. 
On this principle he has constructed a chromatometer (xeuftei, colour, 
and (dr^ou, a measure), or mejisure of colotu, the employment of which 
would lead to an accurate nomenclature. 

672. It has already been remarked, that the green colotu of die 
leaves, young .bark, (sJyx, imd carpels, depends on the presence of 
chlorophylle (If 19). This waxy substance is contained in the deep • 
ceUs or mesophyllum of leaves, and depends on the action of light for 
its elaboration. When leaves are grown in darkness, they become 
colourless from the absence of chlorophylle. Light acts by the fixation 
of carbon. The different rays of the spectrum "appear to differ in their 
power of developing the green colour. Senebier performed experiments 
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on the fiutgect, by making the light pass through coloured media, and 
he was led to the conclusion, that while the yellow rays had the 
greatest effect on the growth of the plant, the blue and chemical rays 
were those chiefly concerned in the production of the green colour. 
Hunt seems to agree with Senebier. Other e^erimenters, however, 
as Morren, Daubeny, Draper, and Gardner, think the yellow rays are 
the most active in producing the green colour. The following table 
shows the result of some of Gardner’s exjjeriments. The rays are 
denominated active or innetive in relation to their power of producing 
a green colour, and the figures under each of them show their power 
in this respect, 1 being the highest vidue. Tlie sign — indicates that 
(he effect was not satirfactoiily tested;— 



riants. 

Hours of 

'J’OtHl. 

Active ifivti 


Inactive. 


KunsbiiK^ 

thnt!. 

nvil Or. Yi*l. 

Gr. 

HI. 

ill. Vil 

1. 

Tuniips.. 

...22 

109 

.. 4 

.s 

... 0 

0 0 

2. 

Beans ... 


a.’i 

... — 

3 

... 0 


3. 

Turnips.. 

... 8 

C9 

... 4 

3 

... — 

— — 

4. 

Turnips.. 

...23 

101 

... - 

1 

... 0 

(i 0 

5. 

Turnips.. 

...IT.’i ... 

.12 

... - 

3 

... 4 

0 0 

0. 

Turnips.. 

... 5-5 ... 

c 

... 4 

3 

. . 0 

0 (1 


073. The ray producing the gre 


■n colour is found to be that which 


acts most efficiently on the decomposition of carbonic acid, as shown 
by the following fcible:— 


IMsurs of fqicf-rnno 

iMDiiuctioii of 

JVtcoinp. of 

Illiimiinitln; 

exmnlued 

dilorojihylU-. 

CO 2. 

l>o\vtn*. 

Extreme lied . 


.. (HM)OO .. 

... 0 0000 

Oouiniencetncnt of Orunge.. 

..... 

•.5.5UO .. 

... —— 

Centre of Orange. 


— 

... . — 

Centre of Yellow . 

. l-00(t ... 

.. i-oooo .. 

... 10000 

Centre of Green, . 

. ■.•|83 ... 

.. - 

... ^ . 

Centro of Blue . 

. -loo ... 

_ 

... - 


074. The green colour becomes lighter or deeper according to the 
quantity of chlorophylle and the aggregation of the cells. It is usually 
paler on the lower sides of leaves, llie dark shades of green in the 
Yew, Bay, and Holly, are the effect of iui immense crowding together 
of green cells. 

f>75. As light decreases in Autumn, tire cldorophylle, in many'cjtses, 
diminishes, and is probably altered iy tlie loss of a portion of carbon, 
'thus. Evergreen leaves become of a paler colour, and deciduous leaves 
iissume various hues, commonly called autumnal tints. The leaves of 
the Poplar, Ash, and Beech, before falling, become yellow; those of 
some species of Khus, bright red; those of Comus sanguinea, dull red; 
those of the Vine, yellow and ptirple. Berzelius states, that the leaves 
become red in pl^ts having red fruits. Eobinet and Guibourt main¬ 
tain that the Vines which produce bluish grapes, have red leaves 
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in autumn, while such as produce white grapes have yellow leaves 
These yellow and red colours by some are said to depend on changes, 
in the state of oxidation of the chlorophylle, and have been traced by 
others to the production of peculiar waxy substances, one red, called 
erythrtyphyUe, the other yellow, xanifu^hylle. Marquart believes that 
the action of water on chlorophylle, in dilferent proportions, gives rise 
to yellow and blue matters. l3lis supposed the change of hues to be 
due to the prevalence of acid and alkaline matters. 

676. Dr. Hope endeavom-ed to show that there is in plants a 
colourable principle, chromogen [yaaftu, colour, and ytmia, 1 generate), 
consisting of two separate principles, one of which forms a rod com¬ 
pound with acids, while the other forms a yellow with alkalies, and he 
attributes the green colour produced by the latter to the mixture of 
the yellow matter with the blue infusion. Tlie two principles, 
according to him, may exist together, or separate, in different parts of 
the same plant. In some very fleshy leaves, as Agave, the centnd 
cells are pale, while those of the cuticle are coloured and much 
thickened. Although leaves are usually of a green colour, stiU they 
frequently assume various tints. In certain varieties of Beech and 
Beet, they become of a uniform red or ct)pper colour. In some c.nse.s, 
only one of the surfaces of the leaf is coloured, as in many species of 
Begonia, Saxifraga, Cyclamen, and Tradescantia, in which they lue 
green above and red or brown below; while in others there is a viiri- 
ation of colour, giving liso to variegation, as iu Acuba japonica, 
Carduus matianus, and Calathea zebrina, where there are yellowish 
spots, or in many Arums, where they are of a red coloxur. The whitish 
or brown spots which occur on leaves, are often produced by thickened 
cells containing peculiar colouring matter, imderlying the chlorophylle 
cells. In such cases, variegation might be traced to an alteration in 
the epidermal cells, and the same is true of certain bright colours 
assumed by the surfaces of some leaves. Tlie juices of many plants 
are colourless when contained in the vessels, but become miUsy or 
coloured by exposure to the air. Thus, the sap of (Enanthe crocata 
becomes yellow, that of Chelidonium orange, that of Madder changes 
from yellow to red, and that of some Boletuses becomes blue or bluish- 
green. In some instances, the changes have been prevented by keeping 
the cut or broken srufaces in nitrogen or hydrogen, or carbonic acid, 
and thus preventing their exposurffto oxygen. It is said, however, that 
the change of colour in the Madder does not take place in pure oxygen. 

677. The bark, at first green, becomes often of a brown colour from 
the thickening of the cell-walls, as well as the deposition of brown 
matter. Similar changes take place in the woody fibres, giving rise 
to the coloured duramen of many trees, as the Laburnum, Guaiac, 
Ebony, &c. Such changes, however, depend on chemical actions going 
on in ihe interior of sterns, and are not due to the direct influence of 
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the air. Hie colour of wood, however, k generally deepened when 
exposed to the atmosphere. 

678. The red, blue, and yellow colours of flowers depend on fluid or 
semMuid matters contained insuperfioialcells, whichcanbe detached witli 
the cuticle. This coloured cellular tissue is called by Nourse the jBete, 
and lies immediately below the epidermis. In this respect these colovirs 
difier Irom the green colour in the leaf which is confined to the central 
cells, and which, as already stated, owes its origin to a granular matter of 
a peculiar natui’e. In petals, difierent cells firequently contain different 
kinds of colouring matter, thxis giving rise to variegation. By the 
juxta-position and mechanical mixture of various cells, different tints 
are produced; and the colours are also modified by the nature of the 
cuticle through which they are seen. In the interior of petals, the 
<!olorir is generally more or less yellow, but it is modified when seen 
through superficial cells. Along with the colouring matter, tliere is a 
colourless substance present, the relative quantity of which varies, and 
hence the colour may be. deeper or fainter. In flowers as wdl as in 
leaves, the colours appear to depend on the action of light. It has been 
ssiicl, however, that the powerful action of solar light, in some cases, 
tends to decolorize flowers. Hence, tulips are screened by floriculturists 
from the direct rays of the sun. The leaves of herbaceous plants 
.also, when exposed to the direct rays of the sun, do not acquire so 
deep a green as when they are subjected merely to a bright daylight. 

079. The colours of flowers have been arranged in two series;— 
1st. Ihe xant/iw yellow) or yeUow; and 2d. The cyanic {jwemoi, 

blue) or blue; and it has been shown that plants in general may be 
referred to one or oth<>r of these series, while red is common to both 
.series, and green, as compo.sed of blue and yellow, is intermediate be¬ 
tween them. White is considered ijs depending on absence or extreme 
ililution of the colouring principles, while brown or black depends on 
their accumulation or concentration. Even in white flowers there will 
1)0 seen a slight admixture of a yellowish or bluish tint. 


' Greenish-blue 
Blue. 

Cyanic Violet-bine, 
series. Violet. 

Violet-red. 

Bed. 


Green. 

T ellowish-green. 

Yellow. 

Orange-yellow. 

Orange. 

Orange-red. 

Bed. 


I Xanthic 
f scries. 


680. Some starting fia)m greenness, as a state of equilibrium between 
the two series, pass through the blue and violet to red, by a process of 
oxidation, while the transition trom red to orange and y^ow has been 
traced to deoxidation. As illustrations of the cyanic series may be 
mentioned, all, or nearly all, the species of Campanula, Phlox, Epilo- 
bium. Hyacinth, Geranium, Anagallis; of the xanthic series. Cactus, 
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Aloe, Gytisns, Oxalis, Bose, Yerbascvun, Potentilla, CEnotihera, Banun- 
oulus, Adonis, Tulip, Dahlia. 

681. Plants belonging to either series, vary in colour usually by 
riang or felling in the series to which they belong, and not by passing 
from one to the other. Thus, a plant belonging to the blue series 
does not usually become yellow, nor does one in the yeUow series 
change into a pure blue. This remark will not apply in all cases, 
although it is generally true. It cannot be said to hold good in 
regard to genera, as at present determined; thus, in the genus Gentian, 
there are blue and yellow species. It seems, however, to be applicable 
to individual species; thus, the Dahlia belonging to the yellow series 
has been made to pass to all varieties of that series, but has never 
been produced of a blue colour; so also with the Tulip, the Bose, &c. 
Even in the case of species, however, there are anomalies. Thus, the 
rule does not apply to such plants as Myosotis versicolor and Dendro- 
bium sanguinolentum, where there are different yellow and blue colours 
on the coroUa. Notwithstanding, however, aU the exceptions, the 
general law already mentioned as to the variation of colour in flowers, 
seems to be founded on correct observations. 

C82. Changes are produced in the colour of flowers, by bruising mid 
injuring the petals. The pure white flowers of CiuneUia easily become 
brown, while tliose of Calanthc veratrifolia and Bletia Tj^ervilla* 
assume a deep blue. By drying, many flowers become of a brown or 
black colour: this is particularly the case with Orchidacesc, Melam- 
pyrum, and Orobus niger. It would appear to depend on the com- 
bmation between the colouring principle and the oxygen of the air, 
and may in some cases be traced to the existence of tannin, gallic acid, 
and iron. Blue flowers, under the process of desiccation, are often 
whitened. Ipomoea Learii, in drying, changes from blue to red. 

683. Eemarkable changes take place in the colour of some flowers 
during the coiuse of the ^y. The flowers of the common pink Phlox, 
early in the morning, have a lightish blue colour, which dters as tlie 
sun advances, and becomes bright pink. The (Enotliera tetraflora has 
white flowers which change to red. Hibiscus variabilis has its flowers 
white in the morning, pink at noon, and bright red at sunset. The 
colour of many flowers of Boraginacca;, before expansion, are red; after 
expansion, blue. The bracts of Hakea Victoria are yellowish-white in 
the centre the first year; the second year, what was white becomes a 
ridi golden yellow; the third year, die yellow becomes rich orange; 
the fourth year, the colour becomes blood-red; the green portion of 
the bracts becomes annually darker. It has been stated that sofls 
have an effect on the colour of flowers. The flower of the common 
Hydrangea hortensis may be changed from pink and rose-coloured to 
blue, by growing the plwt in certain kinds of loam and peat earth. 
Alum in the soil is said to produce a similar effect. 
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684. Kohler and Schubler have endeavoured to determine the 
relative proportions between the difiFerfent cokurs met with in flowers. 
They examined upwards of 4000 species, belonging to twenty-seven 
natural orders, of which twenty were dicotyledonous, and seven mono- 
cotyledonous. The following are some of their conclusions:— 


1. White.H93 

2. Yellow. S.’S! 

3. Red. 923 

4. Bine.. 594 

5. Violet. 307 


Ti. Green.153 

7. Orange. .50 

s. Brown. IS 

9, Kearlv Black. 8 


685. Tlic proportion of white, cyanic, luid .xantluc (lowers varies in 
diflcrent quarters of the globe, and at different elevations. I'hc fol¬ 
lowing are the proportitins of colour in different naturjil orders, deduced 
from the examination of about 120 s^jecies of each;— 


Yiolft. IMiu;. Gvofii. Yol. (naiiiie. "Wlnto. 


N3-niiihreHce.'c.11 — 14 — 28 — 4fi 

Rosaccio..52 1 — — 52 — 40 

Primulacete.41 7 6 2 If, 10 27 

Boraginacca;..10 9 28 3 13 I 35 

Conrolvulaccic.39 10 12 — 7 2 27 

liannnenlaccie.16 4 15 2 42 1 19 

Pnpavcracere.38 9 — — 36 7 7 

Campannlacete. 5 21 58 — 3 1 10 


Tints, Nyiuplmiivcem and llosactise, according to Schubler and Kiihler’s 
observations, contain a large number of wliite llowering s|>ecies; Primu- 
bicea^ and Convolvul.'icese, red; Companulaceai, blue; ItanunculaceK, 
j’ellow. 

686. In arranging flowers in a garden, it Ls of importance to place 
the complement^ colours together, in order to produce the best effect. 
Tlie comjjlementar}’ colour of red, or that which is required to make 
white light, is green; of orange, blue; of yellow, violet; consequently 
blue and orange; coloured flowers, yellow and violet, may bo placed 
together; while red and rose-coloured flowers harmonize well with their 
own green leaves. When the colours do not agree, the interjiosition 
of white often restores harmony. 

5.—ououiispi' Fiowjaw. 

687. The peculiar odours of phmts depend on various secreted 
volatile matters, which are often so .subtle as to be incapable of detec¬ 
tion by ordinary chemical means. Nothing is known of the causes 
which render one flower odoriferous and another scentless. In some 
eases the odours of plants remain after being dried, but in general they 
disappear. Some leaves, as of the Woodrufl^ become scented only 
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after drying; and certain woods, as Tenerifie rosewood, give out then- 
odour only when heated by friction. Meteorological causes have a 
great influence on the odours of living plants. Dew, or gentle rain 
with intervals of sunshine, seems to be the circumstances best fitted for 
eliciting vegetable perfumes. Light has a powerful effect on the odour 
as well as the colour of flowers. Plants, when etiolated by being kept 
in darkness, generally lose their odour. In certain cases, the perftunes 
of flowers are developed in the evening. Some of these plants were 
called tristes by Linnaeus, as Hesperis tristis, or night-scented stock. 
Many orchidaceous plants me fragrant at night only, as some Catase- 
tums and Cymbidituns. Oestrum noctumum and the white flowers oi' 
Lychnis vespertina are also night-scented. The odours of some plants 
OKI peculiarly offensive. This is the case with Pliallus impudicus, and 
with the flowers of many Stapelias. 

688. Schtibler and Kohler, whose investigations in regard to colour 
have been noticed, have' also made observations on the odours of 
plants in the same monocotyledonous and dicotyledonous orders. 'Flie 
following tables show stme of their results:— 


Colour. 

No. of 
Speck'S. 

Ortoiifonms. 

Ajfrccnblc. 

Disfierccftbl 

White . 

.1193 

. 187 . 

, .. 375 .... 

.. 12 

Yellow . 

. 951 

. 75 . 

... 61 ... 

.... 14 

Ked . 

. 923 

. 85 . 


. 9 


. 594 

...... 31 .... 

23 ... 



. 307 

. 23 . 

17 ... 

. 0 


. 153 

.. 12 . 

10 ... 

<> 


. 50 

.. 3 . 

1 ... 

. 2 

Brown....... 


. 1 . 

0 ... 

1 


Thus, of the plants examined, those having white flowers presented 
the larger proportion of odoriferous species. The orange and brown 
coloured flowers often gave a disagreeable odour. In examining 
numerous species from various^atuM orders, they found tliat out of 
100 species of— 

Nympliseaceffi .-.22 were oduriferons. 

Rosace.%.13 - - 


Primulaceo).. 



— 









Papaveraceae. 


. 2 

— 

Campannlaceee. 


. 1 

_ 


6.—^rasEAsKS OF PLAsrre. 


689. Great obscurity attends this department of botany, and much 
remains to be done ere a system of vegetable nosology (mVo;, disease) 
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can be completed. It is, however, of great importance, whether we 
regard its bearing on the productions of the garden or the field. Some 
have divided the diseases of plants into general, or those affecting the 
whole plant, and heal, at those affecting a part only. A better 
arrangement seems to be founded on their apparent causes, and in 
this way they have been divided by Lankester into four groups. 1. 
Diseases produced by clranges in the external conditions of life; as 
by redimdancy or deficiency of the ingredients of the soil, of light,' 
heat, air, and moisture. 2. Diseases produced by poisonous agents, 
a.s by injurious gtises, or miasmata in the atmosphere, or poisonous 
matter in tlie soil S. Diseases arising from the growth of parasitic 
plants, as Fungi, Dodder, &c. 4. Diseases arising from mechanical 

injuries, as wounds and attacks of insects. 

690. Plants are often rendered liable to the attacks of disease by 
the state of tbeii- growth. Thus, cultivated plants, especially such as 
become succulent by the increase of cellulap tissue, appear to be 
more predisposed to certain disctises than others. Concerning tht! 
first two causes of disease very little is known. Absence of light 
causes blavcJdng, -which may be looked upon as a diseased state of the 
tissues. Excess of light may ciiuse disease in plants whose natural 
habitat is shady places. Excess of heat is sometimes the occasiou 
of a barren or diseased state of some of the organs of the flowers, and 
frost acts prejudicially on the leaves, stem, and flowers. By excess 
of moisture, a dropsio^ sfcite of the tissue is induced. 

691. Concerning the influence of atmospheric changes on plants, 
very little has Ijeen determined. Many extensive epidemics seem to 
depend on this cause. 'Flius, the late potato disease must be traced, 
iipparently, to some unknown miasma conveyed by the air, and 
operating over hirge tracts of country; the disease probably afiecting 
some plants more than others, accordmg to their state of predisposition, 
and in its progress leading to disorganization of the textures, alteration 
in the contents of the cells and vessels, and the production of Fungi, 
c&c. In the early sts^re of the disease, a brown granular matter was 
deposited in the interior of the cells, beginning with those nesrr the 
suriace. For some time tlic cell-walls and starch-grains remained 
uninjured, but were ultimately attacked, the former losing their tran.s- 
paiency, and the latter becoming agglomerated in masses. Subse- 
oiiontly to this, parasitic organism* of various kinds make their appear¬ 
ance, cavities were formed, and rapid decay took place. Among the 
vegetable parasites, were detected species of Fusisporium, Oidium, 
Botrytis, Capillaria, Polyactis, &c. The prevalence of hot or cold 
w'eather, the amoimt of light and moisture, changes in the atmosphere, 
and electrical conditions of the air and earth, are in all probability 
connected with epidemic diseases. By some, the late potato disease 
is attributed to suppressed evaporation and transpiration, depending 
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on the hygrometric state of the atmosphere. The vessels and cells are 
said to become charged with fluids, stagnation of the circulation takes 
place, and thus disease and death are induced.* 

692. Gangrene in plants, is caused by alterations in the contents of the 
cells, leaxiing to death of a part. In succulent plants, as Cactuses, 
this disease is apt to occur. Sometimes excision of the diseased part 
checks the progress of the gangrene. Canker, which attacks Apple 
and Pear trees, is a kind of gangrene. Some of the most important 
diseases of com and other agricultural crops, are owing to the pro¬ 
duction of Fungi. These have been divided into 1. Tliose attacking 
the grain, as Uredo foetida, or pepper-brand. 2. Those attacking the 
flower, as Uredo segetum, or smut. 3. Those attacking the leaves and 
chaff, as Uredo Rubigo, or rust. 4. Those attacking the straw, .ns 
Puocinia graminis, or com mildew. 

693. Smut-balk, pepper-brand, or blight, is a powdery matter, occu¬ 
pying the interior of the grain of wheat, &c. When examined under 
the microscope, it consists of minute balls, four millions of which may 
exist in a single grain, and each of these contains nimierous excessively 
minute spomles. It is caused by the attack of Uredo Caries, or 
fuetida. In this disease tlie seed rettiins its form and appearance, 
and the parasitic fungus has a peculiarly fuetid odour, hence called 
Htinking rust. 

694. Smut or dust-brand is a sooty powder, having no odour, found 
in Oats and Barley, and produced by Uredo segetunx. The disease 
shows itself conspicuously before the ripening of the crop. Bauer 
says that in iwoNiso part of a square inch he counted 49 qiores of tlie 
uredo. 

695. Rust is an orange powder, exuding from the inner chaff scales, 
and forming yellow or brovra spots and blotches in various parts of 
com plants. It owes its presence to the attack of Uredo Rubigo. It 
is sometimes called red gum, red robin, red rust, and red rag. Some 
consider Mildew (Uredo linearis) as another state of tlie same disease. 

696. Those Fungi which are developed in tlie interior of plants, and 
appear afterwards on the surface, are called entophytie (IktoV, within, 
and qiuTBs, a plant). Their minute qxorules are either directly applied 
to the pl^ts entering by their stomata, or they are taken up from tlic 
soil Many other Fungi grow parasitically on plants, and either give 
rise to disease; or modify it in a paculiar way. Among them may be 
mentioned species of Botrytis, Fusisporium, Deparia, Sclerotium, Fu- 
sarium, and Erysiphe. Fusisporium solani is considered by Martins 
as the cause of a certain disease in the Potato. In the recent potato 
disease, the Botrytis infestans, a species of Fusarium and other Fun^, 
committed great ravages, spreading their mycelium or spawn through 

• Sec remarks on this suWeet by Klotesch, translated by Gregory, to the Appendix to Liebig’s 
work on tke Motion of the Juices. London, 1848. 
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the cells of the leaves and the tubers, and thus accelerating their de¬ 
struction. Berkeley, Morren,.and Townley, consider the Botiytis as 
the cause of the disease. Various species of Botrytis also attack the 
Tomato, Beet, Turnip, and Carrot. A species of Depazia sometimes 
ciiuses disease in the knots of Wheat. A diseased state of Eye and 
other grasses, called ergot, owes its production to the presence of a 
species of Spermoedia. By the action of the fungus, the ovary becomes 
diseased and altered in its appearance, so as to be dark-colormed, and 
project from the chaff in the form of a spur. Hence the name spurred 
■nje. The nutritious part of the grain is destroyed, and it acquires 
certain qualities of sm injurious nature. Spontaneous gangrene is the 
consequence of living for some time on diseased rye. Ergot has been 
seen in Lolium perenne and axvense, Fcstuca pratensis, Phleum pra- 
tense, Dsmtylis glomerabi, Anthoxanthum odoratum, Phalaris amn- 
dhiacea, &c. 

697. Fruits when over-ripe jire liable to attacks of Fungi, which 
cjiuse rapid decay; wood also, e.specially Alburnum or sajv-wood, is 
injured by the production of Fmigi. Dry rot is tlie result of the 
attack of Merulius laciymans, which in the progress of growth de¬ 
stroys its textiuc, and makes it crumble to pieces. Some kinds of 
wood are much more liable to decay than others. 

69H. Th<! diseases caused by attacks of Fungi may be propagated 
by direct contact, or by the diffiision of the minute spores through the 
atmosphere. AVlien we reflect on the smallness of the spores, tlie 
millions produces! by a single pliint, and the facility with wluch they 
!ire wafted by the wind in tlie form of the most impalpable powder, 
we can esisily understand that they may be xmivers^y difiiised and 
ready to 1 h‘ developed in any place where a nidus is afforded. Perhaps 
some of the disciises affecting man and animals may be traced to .such 
a source. Quckett found that he could propagate tlie ergot by mix¬ 
ing the spondes with water, and applying this to the roots. 

699. In order lo prevent these diseases, it has been proposed to steep 
the grants in various solutions previously to being sown. For this 
purpose, alkaline matters and sulphate of copper have been used. In 
all cases, tlie seed should be thoroughly cleansed. Smut and pepper- 
bra tid have been averted by these means. In the case of the latter, 
diseased grains are easily removed by being allowed to float in water, 
and the grmns that remain are washed with a solution of lime, com- 
II te n potash, or substances containing ammonia, which form a soapy 
matter with the oil in the fungus. A weak solution of sulphate of 
copper acts by destroying the fungus. To prevent wood from diy rot, 
the processes of kyanizing and bumetizing have been adopted: the 
former consists in making a solution of corrosive sublimate enter into 
the cells and vessels; the latter, in impregnating the wood with a 
solution of chloride of zinc. Creosote has also been used to preserve 
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wood. Bouchaie proposed that a solution of pyrolignite of iron 
should be introduced into trees before being felled, by rowing perfora¬ 
tions at the base of the trunk, and allowing the absorbing power of the 
cells and, vessels to operate. This plan does not appear to have been 
.successful, although reported favourably to the French Academy, and 
also recommended by Mr. Hyett. 

700. Other diseases in plants owe their origin to insects. EnrcocMes, 
purples, or pepper-com, is a disease affecting especially the grains of 
wheat. The infected gniins become first of a dark green, and ulti¬ 
mately of a black colour. They become rounded like a small pepper¬ 
corn, but with one or more deep furrows on their surface. The glumes 
spread open, and the awns become twisted. The blighted grains arc 
fiiU of a moist white cottony matter, which, when moistened and put 
imder the microscope, is seen to consist of a midtitude of minute in¬ 
dividuals of the Vibrio triciti, or cel of the wheat. Tlie animalcules 
deposit their eggs in the ovary, and their young are hatched in eight 
or ten days. Henslow calculates that 50,000 of the young might be 
packed in a moderately sized grain of wheat. Tlie Vibrio retains its 
vitality long. It wiU remaia in a dry state for six or seven years, and 
when moistened with water will revive. The Wlieat-fiy, or Cecidomyia 
tritid, is another destructive insect. It deposits its eggs by means of 
a very long retractile ovipositor, and is seen abundantly in warm even¬ 
ings. The Cccidom 3 da destructor, or Hessian fly, .also causes injury, 
and is said to be very destructive to wheat in America. ITiese insects 
are destroyed in numbers by the Ichneumons, which deposit tlieir ova 
in their bodies. The Apple-tree mussel, or dry-scale, Asjndotus con- 
chiformis, attacks the bark of Apples, Fears, Plums, Apricots, iun! 
Peaches. Many of the Coccus trilie are highly injurious tt) pliints. 
One of this tribe, in 1843, destroyed the whole orange trees in the island 
of Fayal, one of the Azores. Mimy insects cause the rolling up of leaves. 
Tortridda viridana acts thus on the leaves of the Oak, and vaiiotis 
species of Losoteenia do so with other trees. Sitcchiphsmtes abietis is 
the aphis which causes the leaves of the Spruce-fir to be imitcd together, 
so as to have the appearance of a cone. 

701. Many insecte, cjdled miners, make their way into the interior 
of leaves, and hollow out tortuous galleries, sometimes causing an 
alteration in the colour of the leaves. Gidls are caused by the attacks 
of spedes of Cynips, which are prodded with ovipositors, by means of 
which they pierce the bark or leaves with the view of having a nidus 
for their ova. These galls are very common on the Oak, and ai-c 
called oak-apples. Sometimes they have one cavity, at other times 
they arc divided into numerous chambers, each containing a grub, 
pupo, or perfect fly,, according to the season. Galls are produced on 
the twigs, catkins, and leaves of the Oak. The artichoke gall of the 
Oak depends on an irregular development of a bud, caused by the 
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attack of insects, and consists of a number of leafy imbricated scales 
resembling a young cone. On examining tihe galls of ooinmerce, the 
produce of the Quercus infectoria, some are of a blue colour, containing 
the larva of the insect; others are pale, and are marked with a perfora¬ 
tion by which the insect has escaped. Extensive ravages are committed 
in Elms and other trees by the attacks of ScolytL The presence of 
much moisture, such as the rapid flow of sap, destroys them. Mr. 
Kobert found that the flow might be promoted bystaking off the sub- 
erous layer of the bark, and he proposes this as a method of getting rid 
of the insects. Some galls are formed in the substance of leaves, and torst 
through the cuticle in the form of ovate bodies, with crenate borders 
and opercula, which are perforated in the centre. These galls resemble 
])arasitic fungi. Oak-spangiles are galls of tlus nature. They are at¬ 
tached by a central point to the under surface of the leaf, the innei- 
side being smooth—^the outer red, haiiy, and fringed. Each contains 
a single insect, which retains its habitation till March, long after the 
leaves have fiiUen to the ground. 

702. It is impossible in this iilace to eniunerate all the insects wliich 
attack plants. Almost every species has certain insects peculiar to it, 
which feed on its leaves, juices, &c., and often cause great injury, 
lliose which are common to hothouses and greenhouses, have cidled 
for the special attention of horticulttmists, and various means have 
been suggested for their removal or prevention. Among them may 
be enumerated, vapour of tobacco and anunoniacal liquor of gas-works, 
to kill aphides; vapour of sulphur, for the red spider; vapour of tur¬ 
pentine, for the vrasp; vapour of crushed laurel leaves, for the white 
bug; coal-tar, for the wire-worm, &c.* 

* For further I’emarlui on the Dinruses of IMuiitis see Heiislow's paper in the Jinimul of tiie 
Uftyal Agrleultiirul Society of EnKhiud. 
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CHArTEK I. 

SYSTEMS OF CLASSIFICATION. 

703. This departmeat of Botany may be considered as a combina¬ 
tion of all the observations made on the structure and physiology of 
plants, with the view of forming a scientific arrangement. It can only, 
therefore, be prosecuted succcisfully after the student has acquired a 
complete knowledge of Organography. In every branch of science, 
arrangement is necessju’y in order that the facts may be rendered av^- 
ablc, and ihis is more especially the case when a knowledge of species 
is to be acquired. When it is considered that there are upwards of 
100,000 known species of plants, it is obvious that there must be a 
definite nomenclature and classification, were it only to facilitate refer¬ 
ence and communication. Taxonomy has sometimes been pursued 
witli no higher aim than that of knowing the names of plants. When 
prosecuted in such a spirit, it does not lead to an enlarged and philoso¬ 
phical view of the vegetable kingdom. In all truly scientific systems, 
regard is paid, not merely to the determination of the names of the 
species, but to their relations and affinities, so as to give some concep¬ 
tion of the order which has been followed in the pto of creation. 

704. In Classificatory Sciences, the arrangements are fotmded upon 

an ,di'a ofUkenm —an idea, however, which is applied in a more exact 
and rigorous manner than in its common and popular employment. 
The resemblances of the objects must rest, not on vague generalities, but 
upon an accurate scientific basis. In order that an arrangement may be 
constructed on philosophical principles, and that it may be rendered 
usefid for the purpose of science, the following steps are required:~ 
1. A Technical artificial or conventional) language, rigoroi^ 
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defined,, or wlia* is termed Glossology (yjiiwff*, a tongue or language, 
and a discourse), aud-Teimonolog^ (ri^fian, -omc, a termination). 
The meaning of the terms in this descriptive language must not depend 
mi ^ncied resemblances, but must have a precise definition, and be 
constant. In acquiring a knawledge of the conventional terms, or of 
the vocabulary of the science, the student at the same time fixes in 
his mind the perceptions and notions which these terms convey, and 
thus, in reality, becomes acquainted with important elementary fects. 
2. A Plan of the system, or the principles on which the divisions and 
subdivisions of the system are made, Diataxi8{8<»T»g<j, orderly arrange¬ 
ment), or what is properly called Taxonomy order, and noftog, 

law). There have been two great plans proposed in Botany, one 
denominated artifcicd, the other natural. The first is founded on 
characters taken fi’om cert^ parts of plants only, without reference 
to others; while the second takes into account all the parts of plants, 
and involves the idea of affinity in essential organs. S. There must b 
also the means of detecting the position of a plant in a system by short 
diagnostic marks. In doing so, a few essential chiiracters arc selected 
in accordance with natural affinities. The division into genera is a 
most valuable help in determining plants. Linna;us did great service 
to science by his generic divisions, and by adopting a bmmicd (bin, 
twice, and nomen, a name) system of nomenclatme, in which the genus 
and species are included in tlie name of the plant. 

703. Specie*. —^Noclassification can be made unless the meaning of the 
term species is defined. By species, then, are meant so many individuals 
as are presumed to have been formed at the creation of the world, and 
to have been peipetuated ever since. A species embraces individuals 
which resemble each other more closely than they do any other plant, 
so that they are considered as originating from a common parent; and 
iheir seeds produce similar individuals. There may be differences in 
size, colour, and other unimportant respects; and thus varieties may 
exi^, exhibiting minor differences, which are not, however, incom¬ 
patible'with a common origin. Varieties owe their origin to soil, expo¬ 
sure, and other causes, and have a constant tendency to return to the 
original type. They are rarely propagated by seed, but can be per¬ 
petuated by flattings and grafts. By cultivation, permanent varieties 
or ro/ces have been produced, the seeds of which give rise to individuals 
varying much from the original specific type. Such races are kept up 
entirely by the art of the ^xdener, and may be illustrated in the case 
of the Cereal grains, and of culinary vegetables, sucb as Cabbages, 
Caulifiower, Brocoli, Turnips, Badiffies, Peas. It is only after a 
series of years that these permanent varieties have been established, 
and there is still a tendency in thdr seeds, when, sown in poor soil and 
neglected, to produce the oriipnal wild form. Permanent varieties in 
theltiinial kingdom may be illustrated 1^ the different races of man- 
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kind. By scattering the pollen of one plant on the pistil of an allied 
species, seeds are formed, which, when sown, produce intermediate 
forms or hybrids (f 516). Hybrids, however, are rarely perpetuated 
by seed. 

706. Many species vary in a remarkable manner, without any ex¬ 
ternal influences to account for it. Thus, a plant of Fuchsia has pro¬ 
duced, in successive years, flowers differing so much in form and 
shape, that, if they had not been known to be produced by the same 
plant, they would have been considered as belonging to distinct species. 
Such is also the case with Calceolarias, some si)eoies of Amaryllis, and 
many Ordiids. Hence there is sometimes cousiderable difficulty in 
determining wliat arc tnic species, and wliat are only varieties, more 
especially when these varieties are permanent and reproduce themselves. 
To this must in part be attributed tiie disputes whidi have arisen among 
botanists as to the species of many British genera, such as Eoses, Eubi, 
Salices, and Hieracia. The following tjible shows the number of British 
species in some of the British genera, as given by different authors, 
and exhibits the uncertainty which still exists as to the limits of 
species:— 



Salix. 

Hici'm'ium. 

Mofithfu 

JbOSA. 

llubua. 

Saxlfraga. 

Hudson (1798).. 

..16 

.. 8 . 

. 10 ... 

5 

5 

.. 9 

Smith (1824-28)... 

..64 

.. 18 . 

. 13 ... 

22 

14 

.. 25 

Lindley (1835). 

..29 

.. 19 . 

. 9 ... 

17 

21 

.. 24 

Hooker (1842). 

..70 

.. 13 . 

. 13 ... 

19 

14 

.. 16 

Babington (1843).. 

...57 

.. 19 . 

. 8 ... 

19 

24 

.. 20 

Watson (1844). 

..38 

.. 17 . 

. 8 ... 

7 

34 

.. 16 

Babington Cl847).. 

..58 

... 21 . 

9 ... 

19 

36 

.. 20 


707. Jt is only after a careful study of such forms during a series 
of years, that .my conclusion can be drawn in regard to them. It is 
important to record all the varieties which occur, but great care is 
necessary not to raise to the rank of spedes wLat are mere acddcntal 
aberrant forms. Some have of late years advocated the doctrine of the 
transmutation of species, or the conversion of one spedes into anoffier. 
It has been said, that Oats may be changed into Eye, by being con¬ 
stantly cut down for a series of years before flowering. Such state¬ 
ments are not founded on correct data, and have led to very erroneous 
views andkdoctrines, which have been recently promulgated with much 
.apparent plausibility. All that has been observed in the vegetable 
kingdom leads to the condusion, that there are distinct species which 
continue to be perpetuated by seed, and that, although these may vary 
within certain limits, there is always a typical form to which the 
varieties have a tendency to revert. By grafting and other horticultunil 
operations, changes of a marked kind may be produced in fruits; but 
the seeds of such fruit, when sown, give rise to individuals resembling 
the original stock—they perpetuate the typical form, not the artfficially- 
produci^ variety. 
















340 GEiTBRA, ORDERS, AND CLASSES. 

708- o«a«nu—Certain species are more nearly allied than dthers, and 
are conTeniently grouped together so as to form a distinct kind or genus. 
A genus then is an assemblage of nearly related species, agreeing with 
one another in general structure and appearance more closely than 
they accord with any other species. Thus, the variotis spedes of Eoses 
compose one genus, which is distinguished by marked characters. 
Occasionally, a subgenus is formed by grouping certain species, which 
agree more nearly with each other in some important particulars than 
the other spedes of the genus. The characters of the genera arc taken 
exclusively from the parts of fructification, while all parts of the plant 
furnish specific characters. In the name of a plant, the genus is given 
as well as that of the species. The latter was called by linnams the 
trivial name. Thus, a particular qjcdes of Rose is called Eosa ^no- 
sissima; tlie first bdng genus, and the second the specific or trivial 
name. As regards the definition of genera and species, and nomen¬ 
clature in general, no one has conferred so much benefit on sdenee as 
the great Linnseus. This may be considered sis among his highest 
titles to fame. 

709. Order*. —Several genera agreeiug in more general characters, 

although diffciing in their spedal confbmnition, are grouped together 
so as to form an wder or familg. As genera include allied spedes, so 
orders embrace allied genera. Subdivisions arc also made to facilitate 
reference, so tliat suborders and tribes are formed consisting of ctu- 
tain genera, more nearly related in particular characters tlian others. 
Thus, the order Eosace®, or the Rose family, includes the genera 
Rosa, Rubus, Potentilla, Fragaria, Prunus, &c., which all agree in 
certain general characters; and tlie order is divided into various sub¬ 
orders, such as the true Roses, the Amygdalcas, comprehending the 
Plum, Almond, Peach, &c.; the Potentilleie, embracing the Cinquefoil, 
Strawberry, Raspberry, &c. 854). 

710. Cia«M*. —Orders having some general characters in common, 
are united together in classes, and subclasses are formed in the same 
way as suborns. This is the general plan upon which botanicid 
classification proceeds. With the e.xceptiou of the individual spedes, 
all the divisions arc more or less arbitrary. In making them, however, 
the object of the enlightened botanist is to follow what he considers 
to be the natural .affinities, and thus to trace, as fiu as possible, the 
order which pervades the vegetalde creation. 

711. BssenUoi choraetem. —^Each of the divisions of a system is 
accurately defined, the characters being as short as is consistent witli 
precise diagnosis. Such characters are called essential, and they em¬ 
brace only those points by which the group is distinguished from tlie 
others in the same section. Hie complete description of an individual 
species, from the root to the flower and finiit, is called the natural 
character, and embraces many particulars whidi are not requisite for 
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the purpose of diagnosfe. Tlie osseutial characters of genera, when in 
Jjatin, are put in the nominative case, while those of species are in the 
ablative. 

712. KroueDciatnrc —^The names of genera are varioudy derived, 
from the structure or qualities of the group, from the name of some 
eminent botanist, &c.; wliile specific names have reference also to the 
Cfjuntry where the plant is found, the locality in which it grows, the 
form of the leaves, root, stem, or the colour of the flowers, &c. V^en 
a species is named in honoiu of its discoverer or describer, his name is 
put in the genitive, as Carex Va/ilu, or the Carex detected by Vahl; 
but if it is merely in compliment to a botanist, his name is added in 
an adjective form, as Jungermannia Doniaiui, or a Jungermannia named 
in honoiur of Don, as a botanist. Sometimes two nouns are united in 
a specific name, as Dktamnm Fravinella. In such cases, the specific 
luimc is often an old generic one, has a capital letter prefixed, and 
docs not necessarily agree in gender with the name of the genus. The 
name of the orders in what is called the natural system, are derived 
from one of the typical genera included imder them. 

713. Abbreviations and Symbols. —It is of great importance that 
correct descriptions should be given of species, for without them it is 
impossible to fonn the groups accurately. The difficulties of the 
taxonoiiiLSt are often greatly increased by imperfect and careless 
de,scriptions. Valuable directions are given in Lindley’s Introduction 
to Botany, as tj) the proper method of describing plants. There are 
ciiTtain abbreviations in constant use among botanists^ whidi it may 
be of irapoitence to notice here. Tlio authorities for genera and 
species are given by adding the abbreviated name of the botanist who 
described them. Thus, Veronicit L., is the genus Veronica as defined 
by Lmnaius; Vermiica arvettsis L., is a certain species of Veronica, de¬ 
fined by the same author; Oxytropis DC., is the genus as defined by 
De Candolle. It is usn^ in descriptive works to give a list of the 
authors, and tire symbols for their names. Tlie abbreviation v. s. sp., 
means vidi stccam, sporUarteam, or th-it the author has seen a dried wild 
specimen of the plant; v. s. c., mesms vicU siccam cvltam, or that he 
has seen a dried cultivated spechnen; v. v. s., means vidi vivam spon- 
taneum, or that he has seen a living wild specimen; while v. v. c., 
means vidi vivam euitam, or tliat the author has seen a living cultivated 
s;.ecimen. The asterisk prefixed to* a name (* L.), indicates that there 
IS a good desmption at tlie reference given to the work; while the 

(t implies some doubt or uncertainty. The point of admira¬ 
tion (!DC.), marks that an authentic specimen has been seen, from 
the author named; iind the point of interrogation (?) indicates doubts 
as to the correctness of genus, species, &c., according as it is placed 
after the name of the one or other. ©, Q,©, or ^ annual; ^, 0 ©, 
@, or B, biennial; 7#, a, or P, perennial; hi 5? or Sh, shrub; 
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(, tvsining to liie right; ), twining to the left; g, hermaphrodite; 
t, male; ?, female; S — ?, monoecious, or the male and female on 
one plant; S .• $, dioecious, or the male and female on different plants; 
00 or 00 , means indefinite in number. After the description of a 
plant, its habitat, or the country and locality in which it grows, is 
given. If the plant has been described by others, reference is given 
to the work in which the description may be found. If it hits re¬ 
ceived different names, the synmyrnes must be careftilly detailed, and 
ought to be arranged in chronological order. 

714. 0r*tena.—^Various attempts have been made at different times 
to daffiily plants. One of the earliest methodical arrangements was 
that of CaBsalpinus, in 1583. It was entirely artificial, and the same 
thing may be affirmed of those of Gesner, Morison, liivinus, and Tour- 
nefort. The system propounded by Toumefort, was for a long time 
adopted by the French school, but was ultimately displaced by that 
of Linn®us, who must be looked upon as the great promulgator of the 
artificial method. In 1682, Kay published a system which laid the 
foundation of the natural meriiod of classification. It was long 
neglected, and did not receive the attention it deserved, until Jussieu 
entered the field, and developed his views. Since that time, the 
natural method has been advanced by the labours of De Candolle, 
Brown; Endlicher, Lindley, and many others. 

715. Unnamii Pr»>em.—^Although the Linnaian system is not in 
conformity with natural affinities, and does not tend to comprehen¬ 
sive views of structure, still it is useftd to the student as an iiulex. 
linnEBUB himself did not consider it as occupying a higher position, 
md he stated distinctly that a natural method was the great object of 
sdentific inquiry. 'When not elevated to a rank which its author 
never meant it to occupy, this .system may, with all its imperfections, 
Ix) employed as a useful artificid key, and as such may be combined 
■with ffie natural system. In many works of the present day, as in 
Babington’s Manud of British Botany, the Linnsean system is used 
as an index to the genera. In the linnaian (jr sexual ^stem, twenty- 
three classes are founded on the number, position, rdative lengths, and 
connection of the stamens; while the orders in these classes depend 
on the number of the styles, the nature of the firuit, the number of 
stamens in the classes where this character is not used for distinguish¬ 
ing them, and the perfection of thfe flowers. The twenty-fourth class 
includes .plants having inconspicuous flowers, and in it ffie orders are 
formed according to natural affinities. Under these dasses and 
orders, all the known genera and species were arranged. It is in the 
higher divisions that the system is artificial, for, as regards genera, 
the Linns^'^rules are followed even in the natural sterns of the 



IJIWJECS’S ABIIS'ICIIAt STSTBM. 


716. TabciuIS View of ihb Classes of the Linhjban Stsibk. 


A. 'Flowers present (Fhanerogamia). 

I. Stamens and FistO in every flower. 

1. Stamens Free. 

a. Stamens of equal length, or not difiering in certain propor¬ 

tions ; or stamen. 

in Number 1,.Class I. Monandria...../u^, one. 

_ 2,. n. Diandria. fit, two. 

— 3,. in. Triandria..rtiTr, three. 

— 4,. rV. Tetr8ndria.....«»tit, four. 

— 5,. V. Pentandria,...«'»*». five. 

— 6,. VL Hexandria.U- *1*^ 

— 7,. Vn. Heptandria....lirT4, seven. 

— 8,. Vm. Octandria......ixnt, eight. 

— 9,. IX. Enneandria....i»t«, nine. 

— 10,. X. Decandria. tt*», te^ 

—12-19,. XL i.>odecandria...t^ti«»> rwelve. 

— 20 > Inserted on Calyx XII. Icosandria.«*•«, twenty. 

or more, i —on Receptacle XIII. Polyandria,.s-tAt;, many. 

b. Stamens of different lengths; 

two long and two short,. XIV. Didynamia.. -nwo- 

four long and two short,. XV.Totradynamia/ " 

2. Stamens United; 

by Filaments in one bundle,. XVL Monadel^hia'l 

-in two bundles,.X VIL Diadelphia... > brother. 

-in more than two bundles, XVllI. Polyaoelphia) 

by Anthers (Compound flowers), XlX.Syngenesia..'^ ^Iiri°^^n' 

with Pistil on a Column. XX. Gynandria.yvn. female. 

II. Stamens and Pistil in different 

flowers; on the same Plant,. XXL Sfonuecia.. 

on different Plants,.XXIL Dioscia..... 

III. Stamens and Pistil in the same) 

or in different flowers on the[- XXm.Polygamia.marriage. 

same or on different plants,...) 

B. Flowers Absent,.XXIV. Cryptogamiaoc{i>>vS(, concealed. 


■;} - 


iixn, house. 


717. Tabttlab View of the Okdehb of the LinKaeah Svstbm. 


Class L' 

n. 

IIL 

IV. 

V. 

VI. 

vn. 

VIII. 


IX. 

X 

XI. 

XU. 

XIIL 


Monogynia... 

Digynia,.. 

Trigynia,. 

Tetragynia,... 
Pentagynia,.. 
Hexagynia,... 
Heptagynia,. 
Octogynia,.... 
Enneagynia,. 
Decagynia,... 
Dodeci^nia, 
Polygynia, .. 


1 Free Style. 

2 Free Styles 


. 3 

4 . . 

. 5 
. 6 
. 7 
. 8 
. 9 
,10 

.12-19 


,20 and upwards 


yuti, female or pistil. 

. Mni, one. 

.. tit, two. 

....'.....TetTc, three. 

..virfAc, four. 

..mm, five 

.){. 

. iirrti, seven, 

.. .SxtA, eight. 

..if via, nine 

. *tix», ten. 

.. S4ttx», twelve 

.many. 
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ABustciAi. system. 


y fCrymnogpermia....FroitfonnedbyfonrAchieiuay naked. 

AlV. .< Angiospemia.Froi^ a two-celled Capsule,^ iryts, a vessel. 

(. with many seeds.} rnit/ua, a soeS. 

' -T-n- <SillciiIos8,.».....Fniit, a SOicnla. 

_' (.Siliqnosa,.Frni^a Slliqua, 

XVL) 

XVTL V Triandria, Decandria, &c. (number of. Stamens), as in the Classes. 

xvni.) 

rPolygamia ..Squalis,.Florets all hermaphrodite. 

-Superflua,.. .Florets of the disk hermaphrodite, those of the 

ray pistilliferons and fertile. 

-FraBtranea,..Floretsof the disk hermaphrodite, those of the 

XJX. { ray neuter. 

-Kecessaria, ..Florets of the disk staminiferons, those of the 

ray pistilliferons. 

-Segregata,...Each floret having a separate involucre. 

(,Honogamia,.Anthers united, flowers not compound 

XXI.> Monandria, Diandria, &c. (number of Stamens), as in the Classes. 

xxn.)^ 

' Hermaphrodite, staminiferons, and pistillifer- 

ous flowers on the same plant, 
on two plants. 


Dioed^..., 

iTrioeda, 


[Fiiices,.JPems. 


on three plants. 


I Musci,. 






i Fungi,. 



718. Even as an artificial metliod, this system has many imperfec¬ 
tions. If plants are not in fhU flower, with all the stamens and style.s 
perfect, it is impossible to determine their class and order. In many 
instances, the different flowers on the some plant vary as regards the 
number of the stamens. Again, if carried out rigidly, it woifld separ¬ 
ate in many instances the species of the same genus; but as Linnmus 
did not wish to break up his genera, which were founded on natural 
affinities, he adopted an artifice by which he kept all the species of 
a genus together. Thus, if in a genus nearly all the species had both 
stamens and pistils in every flower, while one or two were monoecious 
or dioecious, he put the name of the Latter in italics, in the classes and 
orders to which they belonged according to his method, and fefeixed 
the student to the proper genus fin the description. 

719. Natanii iSviMewi.—It has been already stated, that a natural 
system endeavours to bring together plants which are allied in all 
essential points of structure. It purposes to ascertain the system of 
nature, and the affinities of plants; and, in doing so, it t^es into 
a<K»uiit aH their organs. Every natural method, however, is, to a 
if^ertain extent, artificial, and is likely to be so. It is impossible to 
iffiow the affinities of plants in a lineal series; many orders pass insen- 
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sibly into others, so that limits cannot be accurately defined; and 
no^erfeot system can be constituted until all the plants of the ^obe 
are known. Moreover, many artificial means are avovtedly used in 
all natural systems to aid the student." 

720. The early natural systems were very imperfect, being founded 
on comparatively vague views of structure and aflinity. Such were 
the systems of Magnolius and Adanson. The sketch of a natural As¬ 
tern by LiniUBUs was very incomplete, and even that of the celebrated 
Ray was imperfect. It was not imtil the knowledge of structural 
botany had advanced, that the affinities of plants were ascertained, and 
the relative importance of the difierent characters discovered. The 
natural systems of the present day recognize a certain subordination,of 
chiiracters, fotmded on the fact that some organs are of more impor¬ 
tance to the life of plants than others. The relative values of these 
characters are determined by tlie study of organization, and are not 
fixed by arbitrary rules. Tlie following table wiU illustrate this 
subordination of cliaracter:— 


• 721—SnuoRDinATroN is Value of the Obgaks of the same Class. 


Kelatlvc ValiiuH. 

1. 


4. 


Elcmcntaiy. 
Cellular Tissue. 

rVascnlar Tissue. 

1 a. Spiral Vessels. 

I 6. Ducts.. 

I, Stomata. 


Nutritive. 

Embtyo ,gf Spore. 
a. Cotyledon. 

&. Badicle. 

^ c. Flnmale. 

Boot, Stem, Leaf, 
Frond, Thallas.1 


EeproductlTc. 


f 1. Stamens 
FistU. 

2. Fruit. 

Pericarp. 

Theca. 

fPerianth. 

a. Corolla. 

1. i. Calyx. ■ 
rinflorescence, 

J Torus, Nectary, 
1 Bract, Invo- 
L lucre. 


and 


722. Thus, cellular tissue occupies the highest place, as being most 
universally difiused, and capable of carrying on aU the fimetions; next 
comes vascular tissue. By the consideration of these, the two great 
divisions of cellular and vascular plants are determined. There is 
nothing in the nutritive and reproductive systems of the same value as 
cellular tissue. The embryo and its parts are reckoned as occupying 
tlie liighest place in the nutritive ^stem, and as corresponding in value 
with the vascular among the elementaiy tissues. In the same way 
the other values are determined. In examining organs, it is essentiffi 
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to compare those which belong to the same series; for an organ which 
occupies the highest place in one series, may be inferior in value |p a 
second-rate organ in another. The comparative importance of the 
different series must be taken into account also. Thus, the nutritive 
may be considered as of more importance than the reproductive ftmc- 
tion, as being more essential for the life of the individual; and an 
organ of first-rate value in the one, will therefore assume a higher fimc- 
tion than one of the same value in the other. The changes which take 
place in any one set of organs are often accompanied with changes in 
others; and thus it is found that natural divisions may be arrived at 
by different routes—for instance, by the elementary, nutritive, and re¬ 
productive fimetions. This gives the true notion of affinity; imd chis- 
sifications formed on such principles will obviously be more valuable, 
in a practical and physiological point of view, than tho.se which adopt 
characters in an arbitrary manner. 

723. PriniBtT DlTtolonii of the Tegetable Kingdom. —In taking a 
survey of the Vegetable Kingdom, some plants fue found to be com¬ 
posed of cells only, and are called Cellular (IT tl); while others consist of 
cells and vessels, especially spiral vessels, and are denominated Vascular 
(IT 28). If the embryo is examined, it is found in some cases to have 
cotyledons or seed-lobes, in other cases to want them; and thus some 
plants are eMtykdorwus, others acotyUdormis (T 590); the former being 
divisible into mmocotiikdonovs, Imving one cotyledon, 'and <licotykdA>- 
novs, having two cotyledons. The radicle, or young root of acotyle- 
dons, is helerorhizaK^ C29),that of monocotyledons is eflr7orAiz«/(lf 628), 
that of dicotyledons, exorhizal.(^ 629). Wien the stems are taken 
into consideration, it is seen that marked differences occur here also, 
acotyledons being acrogenms, monocotyledons endogenous, and dicoty¬ 
ledons exogenous (IT 107). Tlie venation of the leaves, whether paraUel 
or reticulated 143), establishes the same great natural divisions; and 
similar re-sults are obtained from a consideration of the flowers, mono¬ 
cotyledons and dicotyledons being phanerogamous, Jind acotyledons 
cryptogamous (f 323). 

724. Thus, the following grand natural divisions are arrived at:— 

1. Cellalar... Acotyledonous. IletcroThkal. Acrogenous. CiTptogamous. 

o fMonocotyledonous. EndorhizaL Endocenons.! 

2. Vascular.. ExdrhisaL Exogenous. } 

These larger groups are, on similar principles, subdivided, until at 
length genera and species are reached by a process of analysis. 
Siimlar results will be obtained by a synthetical process, conducted 
on the same principle and proceeding from species upwards. 

725. Henslow illustrates the divirions and subdivisions of a mtural 
tystem by reference to AnthyUk Vulnerana, thus:— 
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I. Class . 

Subclass. 

IL Order ... 

Suborder. 

Tribe . 

Subtribo. 

III. Genus . 

Subgenus or Section 

IV. Species . 

Variety. 

Kacc . 

Variation 


Dicotyledoncs. 

Calyciflora:. 

Leguminosai. 

Papilionaceie. 

Lotea!. 

Genisteie. 

Anthyllis. 

Vulneraria. 

Vulneraria. 

Dillenii. 

Floribns coccineis. 
Foliis birsutissimis. 


726. The most important natural systems are those of Jussieu, De 
Candolle, Endlicher, tind lindley. The larger divisions of each of them 
are given in a tabular form. 


727.—Classes of Jttssiec’s Ststeji. 

Acotylcdones,.Class I. 

iMono-hypogyna;, (Stamens hypogynous,). 11. 

Monocotyledones,... 4Mono-perigynic,..( —--perigynons,). III. 

(Mono-epigyniB....( -epi^nons),. IV. 

f Monoclines, Flowere hermaphrodite. 

fEpistaminco;,.(Stamens epigynous,). V. 

Apctala;,.-tPoristamincaj.(-perigynous. VI. 

(No Petals.) (Hypostaminea!,...(-hypogynous. VII. 

■ Hypocorollie,.(Corolla hypogynous,). VTII. 

Pcricorollas.( perigynous,). IX. 

( Synantherm,. X. 

(anthers united.) 
CorisanthersB,.... XI. 
(anthers free.) 

(Epipetalo;.(PctalB epigynous,). XII. 

Polypctalm.Jporipetahe,.( perigynous,). XIIL 

_ (Petalsdistinct) (Hypopetala;,....( - hypogynous,). XIV. 

(Diclines,.Flowers unisexual, or without a perianth,. XV. 

Under these Classes Jussieu included 100 Natural Orders, or Groups of Genera- 


728—Classes of the Natural System of De Candolle. 


A. Vascdlareb or Cottlbjjonbue. 

Class L Dicotylcdoncs or Exogenm. 

Subclass 1. ThalamiflortB,.Petsds distinct, stamens hypo¬ 

gynous. 

- 2. Calycifloras,!.Petab distinct or united, sta¬ 
mens perigynons. 

■- 3 . Corolliiloras,.Petals united, hypogynous, 

bearing the stamena 

■' ' 4. Monochlamydeie,...A calyx only, or none. 

Class n. Monocotyledones or Endogenm. 

Subclass 1. Mon-Phanerogamm,.Having floral envelopes. 

- 2. Mon-Ciyptogamis,.Having no floral envelopes. 


Diehlamydcie, 
having calyx -j 
and COT 0 II& 
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B. CBLLni.AKEB OE ACOTYLIEDOHBiE. 

Class in. Acotyledones. 

Sobdass 1. Boliosas,.;.Having leaves. 

- 2. Aphyllsc,...Leafless. 

729. By some recent autliors, tliis system has been modified, so as 
to indude, under CoroUifloraj, all Dicotyledons with united petals, whe¬ 
ther hypogynous or not, and to exclude from Class IT. aU plants 
withoTit flowers. It is then presented in the following form:— 

MoDmcs.TioN OP De CandoliiB’s System. 

Class I. Dicotyledones or Bxogcna;. 

Dichlamydese, f Sabclass 1. Thalamiflora!,...Petals distinct, stamens hypogynous. 

having calyx -< - 2. Calydfloroi,.Petals distinct^ stamens perigynons. 

and corolla. ( -3. CoroUiflorae,.Petals united, bearing the stamens. 

^ Mohh‘5hl®™ydea!,.A Calyx only, or none. 

Class n. Honopotylcdones or Endogente. 

Subclass 1. Pctaloidea; or Floridoe,.Floral envelopes vertidllate. 

- 2. Glumaceui,.Floral envelopes imbricated. 

Class m. Acotyledones or Acrogense. 

Subclass 1. JEtheogamis,.Having vascular tissue. 

^-2. AmphigamiB or Cellularcs,.Entirely cellular. 

730. System op Enbuohbe. 

BEOIOH I.—^THALLOPHYTA (fl«xx»r, frond a plant). No opposition 
of stem and root. No spird vessels, and no sexual organs. Pro¬ 
pagated by spores. 

Section i. Peotophyta (»{»■»«, first or originating). Developed without 
soil; deriving nourishment all around; fhictification indefinite. 
Section ii. Hystbrophyta (Srnfte, posterior or derivative). Developed 
on decaying organisms; nourished internally from a matrix; 
all the oigans appearing at once, and perishing in a definite 
manner. 

EEGION n.—CORMOPHTTA (jcefitit, a stalk or trunk). Opposition of stem 
and root. Spiral vessels and sexual organs distinct in the more 
perfect. 

Section m. Acsobrya summit, and to germinate). Stem 

increasing by the apex, the lower part being unchanged, and 
only conveying fluids^ 

Cohort 1. AnopWta (*»», above). No spiral vessels. Both sexes pre¬ 
sent. Spores free within spore-cases. 

Cohort 2. Protophyta. Bundies of vessels more or less perfect. No male 
organs. Spores free within one- or many-cmled spore-cases. 
Cohort 3. Hysterophyta. Both sexes perfect. Seeds without an 
embryo, consisting of many spores. Parasitic. 

^ .^Section rv. Amphibrya around). Stem increasing at the circum- 
ference. Vegetation periphorical. 
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SscnoN V. Acbamphibbta («*{», A;*?), and Stem increasing .both 

by apex and drcnmferenco. Vegetation peripberico-termiiuil. 

Cohort 1. Gymnospermso naked, andmi^jiMe, seed). Ovnles naked, 

receiving the fecundating matter directly at the micropyle. 

Cohort 2. Apetalae (», privative or without and a petal). Perigone 

cither wanting or rudimentary or simple, calycine or coloured, 
free or adherent to the ovary. 

Cohort 3. Gamopetaloc (yi/un, union). Perigone doable; outer calycine, 
inner coroUine; gamopetalous, rarely wanting by abortion. 

Cohort 4. Dialypctalas (2(*\uai, I separate). Perigone double; outer 
calycine, parts distinct or united, free or attached to the ovary; 
inner corolline, parts distinct or very rarely cohering by means 
of the base of the stamens; insertion hypogynous, perigynons, 
or cpigynous; sometimes abortive. 

Under these sections, Endlicher enumerates 279 natural orders, which 
are grouped under 61 classes. 


731. Division or the Vegetaiii,b Kingdom by Linddey. 1839. 


Exogens. 


Endogens. 


Acrogens, 


r'Cyclogcns, 

1 in circles,) 

(wood in wedges, 
fSpermogens, 
(Bearing seeds), 
(Bearing spores, 

{ Distinct Stem, 
Only a Phallus, 


Class I. Exogens (proper). 

n. Gymnogens (naked seeds), 
m. Homogens. 

' IV. Dictyogens (leaves reticulated). 

. V. Endogens (proper). 

VI. Sporogens or Bhizanth^ 

VIL Cormogens. 

VIII. Thallogens. 


In the Exogens and Endogens, the following subordinate series of sub¬ 
classes are formed:— 


1. Consolidated. Eloral envelopes are united both with each other and the 

stamens, and with the ovary. 

2. Separated. Ploral envelopes and stamens are united to each other, but the 

ovary is consolidated and free. 

3. Adherent. Petals and sepals adhere to each other and the stamens and 

ovary, but have their parts disunited. 

4. Disunited. Petals aud sepals adhere to each other and the stamens, but 

have their parts disunited, and do not adhere to the consolidated ovary. 

5. Dissolved. Petals and sepals are distinct from the stamens, and also from 

the ovary, whose carpels are disunited, either wholly or by the styles. 

In ouch of these subdivisions, the orders are arranged in two series, 
the one Albuminous, the other Exalbuminous. 


732. Lindiet’s DmsroN oe the Vegetable Kingdom. 1846. 


Asexual ob Flowerless Plants. 


Stem and leaves undistinguishable,.Class I. Thallogens. 

Stem and leaves distinguishable,. K. Acrogens. 
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Sexual, ok Flowemno Plants. 


Fractification springing irom a thallns,H. III. Bhizogens. 

Prnctification springing from a stem, 

Wood of stem youngest in the centre, cotyledon single. 

Leaves parallel-veined, permanent, wood of stem al¬ 
ways confused,. IV. Endogens. 

Leaves net-vdned, deciduous, wood of stem, when 

perennial, arranged in a drde with a centrd pith, Y. Dictyogens. 
Wood of stem youngest at the circionierence, always 
concentric, cotyledons two or more. 

Seeds quite naked,. VI. Gymnogens. 

Seeds enclosed in seed-vessels,. VII. Exogens. 


The following are the subclasses of Endogens and Exogens adopted by 
Lindley:— 

Endooenb. 

Subclass I. Glnmaceous—Floral envelopes imbricated. 

- 2. Petaloid.—^Floral envelopes verticillatc. 

а. Unisexual, often achlamydeous. 

б. Hermaphrodite, ovary adherent, 
c. Hermaphrodite, ovary free. 

Exogens. 

Subclass 1. Diclinous.—^Flowers unisexual. 

-2. Hypogynous.—^Flowers usually hermaphrodite, stamens completely 

hypogynous, free from the calyx or coroUa. 

-- 3. Perigynous. —Slowers usually hermaphrodite, stamens growing to the 

side .of either the calyx or corolla; ova^ superior, or nearly so. 

--4. Epigynous.—^Flowers usually hermaphrd^te, stamens growing to 

the side of either the calyx or corolla; ovary inferior, or nearly so. 

Under the classes, Lindley enumerates 303 natural orders, which are 
grouped together undw 56 alliances. In this system of Lindley, tlui 
divisions of Asexual and Sexual plants corresiiond to Eudliolier’s 2 
Regions; the 7 classes represent Endlicher’s 5 sections; tmd the 56 
alliances are equivalent to the 61 classes in Endlicher’s system. 

733. This division may be presented thus:— 

Classes. Wood. Leaves. EmS^es. Se**®- Embryo. 

1. Exogense .Exogenous..lIctted.Quinary..Perfcct.Dicotyledonous. 

2. Gymnosperm®Exogenous..ParaUelorforked.Nono.Iniperf(jct..Dicotyledonous. 

8.Endogonaf..Endogenou6.Parallel....t..Toniary..Perfect.Monocotyledouuus. 

4. Dictyogona;.Endogenous.Netted..Temary..Perfoct.Monocotyledonons. 

6. Ghizauthe.None.None.Varialde.Imperfect.Acotyledonon3V 

6. Acrogense.Acrogenous.Forked or nonc.JHono.None.Acotyledonons. 

7. Thallogense.None.None.None.None -Acotyledonons. 

734. Henslow has given a comparative view of all these systems, 
pointing out, in a tabular form, the corresponding divisions in each of 
them;— 
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735. In the succeeding pages the natural orders will be grouped 
under the following divisions 

A. FnumBoaAHOUB, ob Vasoclab Fiowbbinq Plants. 

Class I. Dicotyledones or Exogense. 

Subclass! .T^halamifioras..Petals distinct, 

stamens hypogynous. 

-2. CalyciflorjD........Petals distinct, 

stamens perigynous... 

-3. Corolliflora:,.Petals united, 

bearing the stamens. 

-4. Monochlamydeas,. A calyx only,"! 

or none. ...1...lApetalm and partly 

a. Angiospennasjseedsin an ovary. [ Diclines of Jussieu. 

b. Gymnospermte, seeds naked. J 

Class IL Monocotyledones or Endogenie. 

Subclass 1. Dictyogenai,.Floral envelopes verticillate, leaves reticulated. 

-- — ~ 3. Petmoideo; or Florida;,Floral envelopes verticillate^ leaves parallel- 
vdned. 

a. Hermaphrodite, ovary adherent. 

b. Hermaphrodite, ovgiVy free. 

c. Unisexual, often achiamydeous. 

- 3. Glumacese,..Floral envelopes imbricated, leaves parallel-veined. 

B. CbTPTOQAMOUS, or CBLLtII.AE FlOWEELEBS PLANTS. 

Class HI. Acotyledones or Acrogenm. 


Subclass' 1 . iStheogama: or Cormogenm.Having vascular tissue 

- 2 , Amphigamo:, Thallogcnm, or Ccllulares,.Entirely cellular. 


Polypetala; of Jus¬ 
sieu. 


Monopctalm of 
Jussieu. 


Dichlamydete 
having calyx 
and corolla. 


Having A sin- J 
gle perianth. 1 


. CHAPTER II. 

ARRANGEMENT AND CHARACTERS OE THE CLASSES 
AND NATURAL ORDERS. 

SECTION I.—PHANEROGAMOUS PLANTS. 

Class L— Djoottlbdonbs anb ExoGENiE, Jttss. andDC. Aobahfeibeta, £nd 

736. This is the largest class in the vegetable kingdom. The plant 
included under it have a cellular and vdecular system, the latter con 
sisting partly of elastic spiral vessels (fig. 49). The stem is more o 
less conical, and ejdiibits wood and true bark. The wood is exogenous 
».e. increases by additions at the periphery, the hardest part bein,. 
internal (If 72, &c.) It is arranged in concentric (^rdes. Pith exist 
in Ae centre, and fronai it diverge medullary rays. The bark is separ 
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able, and increases by additions on the inside. The epidermis is funnshed 
with stomata 50). The leaves are reticulated 14:3), usually 
sirticulated to the stem. The flowers are formed upon a qtiinary 
or quaternary type, and have stamens and pistils. The otncles are 
either enclosed in a pericarp, and fertilized by the application of the 
pollen to the stigma, or they are naked, and fertilized by the direct 
action of the pollen. 27ie embryo has two or more opposite cotyle¬ 
dons, and is exorhizal in germination (If 629). 

Subclass 1.—^THai.aMii'Lu&a:.* 

737. Calyx and corolla present; petals distinct, inserted into the tiiala- ■ 
nius or reneptacle; stamens hypogynous. This includes the hypogynons 
pol 3 rpctalous orders of Jussieu, and a diclinous order (Menispermace®). 

738. Order 1.—RBnnncniacine, tile Crowfoot Family. {PolypetaJve 
Hypogynce.) Sepals 3-6, frequently 5, deciduous 
(fig. 556 c). Petals 5-15 (fig. 556 p e), rarely 
abortive, sometimes anomalous in form (figs. 

284 p, 285), occasionally with scales at the 
base (fig. 555 a). Stamens usually indefinite, 
hypogynous (fig. 556 c); smthers ^adnate (figs..;^ 

.loH, 559); carpels numerous, l-ceUed (fig. 

.5.56 p i), distinct, or united into a single many- 
celled pistil; ovary containing one anatro^ 
otode (figs. 492, 560 g), or several united to 




• Thidcmm^ reeciitade, Hower. 

t Kojuetimos tho petals are abmtive, and it i» then difficult to dctorniinc whether the plant 
heloii^ to thiti suhclass or to Monoohlaibydeae. 

-'418. <')60~561.<~>E2cltit>it the organs of fmetitfeation of Ranunculus ocrls, to lUtmtrate the 
ihicu^ order RonunculMea:. 

Hg. sac ,—Rower cut verttctdly. tv Calyx, Petala. tt, Stamens, l*iatU composod of 
fie.vcrul curitcls on an elongated receptacle or axis. 

Fig. 5d7.-~]>iagrain of the flower, blowing 5 iinhiicutcd 5 petals alternating with the 

indefluite stamens -in several wliorls, multiples of the petals, and numerone carpels or 
achienia in the centre. 

Hg. 5^—Adnate anther seen on the outer rfdc. The anther is in this iuBtimce extrorse. In 
P^min and fither Rauuncnlaceie it is introrse. 

rig. ^fl.—Afhiate anther viewed on the inride. 

Rg. 660.—Vertical section of the ovary, o, riiowing the ovule, f/. s, Stigma. 

Fig. 561.—Fruit or acha;niain cut verncaRy. /, Periciurp. t, Siiermoderm orintcgiimeiit of the 
anatn)|>al seed, jr/, Perisiierni or ulhumcn, between fleshy and hmny. e, Minute embryo. 

2 A 
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<» baccate or follioiilax (figs. 443, 468). Seeds albumiDows, erect, or 
pendulous; albumen homy (fig. 561 p); embryo minute (fig. 561 e). 

iflerbaceous, suffimticose, or rarely shrubby plants, having alter¬ 
nate or opposite, simple, much-divided leaves, with dilated sheathing 
-petioles (fig. 233). Juice watery. Hairs, if present, simple. 

789. The plants of the order are found in cold damp climates, and 
in the elevatM regions of warm countries. Europe contains one-fifth 
of the order, and North America about one-seventh. The order is 
divided into five suborders:—!. Clematidere; 2. Anomoncas (fig. 247); 
. 3. Eanunculerc (fig. 233); 4. Helleborere (fig. 443); 5. Actajffi, or 
Pasoniae (fig. 870), according to the testivation of the cal)rs, the nature 
of the ftiiit, &o. Ilenslow gives the following analysis of these sub¬ 
orders, with the number of British species in each :— 


Spec. Brit. 

1. Clematidese,. Id 

2 . Anemoass),.. 9 ! 

S. Ranitncnlc^.20 f 

4. Helleborete,. 9j 

5. PreoDiffi,. 2 


Anther. Cnrpcl, Seed. 

( mono- > . , r 

extrorsej sperm J 

polysperm. * 
introrse • * 


-Kstiv. 

vaJvHte. 

iiulirioHtCe 

m 


Lindley enumerates 41 known genera, comprising 1000 spt'cios. 
Examples of tite genera —Clematis, Anemone, liiinimculus, Ilelleborus, 
Delphinium, Aeonitum, Actas^ Pawnia, Podophyllum. 

740. Tlic order has narcotico-acrid properties, and the plants an? 
usually more or less poisonous, ddie iicridity is frequently voLitilc, 
and disappears when the plants are dried or heated. It varies in dil- 
• ferent parts of the plants, and at different seasons. Eanunmliis (the 
genus whence the order is named) contains many acrid species, sneli 
as E. sceleratus, alpestris, hnibosm, gramineus, aeris, and Fhnmnnhi; 
while others, such as B. repens, atjuutiUs, Lingua, and Fimria, are 
bland. Tlie acridity is entirely lost by drying, and it disappem-s in the 
pericarps as the seeds, which are themselves bland, ripen. Tiic leaves 
of Aconilum NapeUvs, Monkshood, contain a narcotic alkaloid, called 
aconita or acouitiira. They are used as an anodyne in neuralgic affec¬ 
tions, in the form of erctract and tincture. The root oi Aeonitum fet or 
fitmishes the powerful East Indian poison, called Bikh or Nabce. 'Hie 
leaves of CkmaEs recta and Fkmimula have been used as vesicsuits. 
The seeds of Delphinium StapJiisagria, Stavesacro, are irritant and 
nai-cotic, and are used for destroying vermin. Tlioy owe their sictivity 
to an alkaloid principle, called delphinia. The Hellebores have been 
long noted fw their irritant qualities. HeUeborvs officinalis, niger, 
feetidus, and viridis, act as drastic purgatives; hence the use of some 
of them in ailcient t(mes in cases of mania. The rhizome of Podophyl¬ 
lum peUaium, May-apple, is employed in America as a purgative. 
Some of the Eanunculacese are chiefly marked by bitter tonic pro- 
p^ies. 
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741. Order 2.—9>iiie>riace<«, the Dillaiia Family. {Polypet. Hypog^ ' 
rtepils 5, persistent. Petals 5, dedduous, in a single row. Stamens 
indefinite, liypogynous, either distinct or combined into bundles; fila¬ 
ments dilated at the base or apex; anthers adnate, introrse, witli 
longitudinal dehiscence. Ovaries definite, more or less distinct, -with a 
terminal style and simjde stigma; ovules ascending. Fruit of 2-5 cap- 
.sular or baccate uuiloculiu- cai-jiels, which are either distinct or coherent. 
Seeds arillatc, several in each carpel, or only two, or one by abortion; 
testa (spermodorm) hard; embryo straight, minute, at the base of 
tleshy albumen.—^'I'he plants of the order are trees, shrubs, or under- 
shrubs, having alternate, exstipulate, coriaceous, or rough leaves. 
They are found chiefly in Australasia, Asia, and the warm parts of 
Americii. Tiny have iistriugent properties, and some of the species 
afford excellent timber. Lindley enumerates 2C genera, including 200 
species. Exampke —lliUenia, Delima. 

742. Order 3.—nnsnviincete, the Magnolia Family. {Polypet. 

Jlypog.) Sepals 2-(>, usiuilly deciduous. Petals 2-30, h 3 ?pogynous, 
often in several rows. Stiunen.s indefinite, distinct, hyjmgynous; an¬ 
thers adnate, long, dehiscing longitudinally. Carpels numerous, l-ceUed, 
aminged ujitm a more or les.s elevated receptacle; ovules anatropal, 
suspended or ascending; styles short Fruit consisting of numerous 
<listinct or partially coherent carjtels, which arc either dehiscent or 
indchi.scent, sometimes siunaroid. Seeds, when ripe, often hang sus- 
}icnded from the oai’jx'l.s by a long sliindcr cord; embryo minute, at 
the base of a fleshy j)erisi)erm.—^Trees and shrubs, widi alternate 
coriaceous leiives, and deciduous convolute stipules. They abound in 
JVorl.h Aiuericii, and some species occiu in South America, China, 
•lajiau, IShiw Holland, iuid New Zutdand. 'Hie order has been divided 
into two .suborders:—1. Winlereai; aromatic plants, in which the 
leaves are dotted, the carjiels are in a single verticil, and die wood 
often consists of punctated ti.ssue (fig. 47). 2. hlagnolieai; bitter plants 

with fragrant flowers, in which the carpels arc arranged in several 
rows on itn elevated receptacle (fig. 306), and the leaves arc not 
dotted. Lindley mentions 11 known genera, comprising 65 spedes. 
Emmj)le.’< —Illieium, Drimys, Magnolia, Liriodendron. 

71.1. The properties of the order are bitter, tonic, and often 
arouiatic. Jllidum ankatiim, Star-anise, is so called from its carpels 
bi aig anunged in a star-like ni.Tnii«r, and having the taste and odour 
> r anise. Its fruit is employ^ as a carminative. Drimys Wmteri or 
aromatica, brought by Captain Winter from the Straits of MageUan in 
1579, yield’s Winter’s bark, which has been employed medicinally as 
an aromatic stimulant. It somcwliat resembles CancUa bark. MagnoUas 
arc remarkable for their large odoriferous flowers, and their tonic 
qualities. The bark of Magnolia glauca, Swamp Sassafras ot 
B eaver-tree, is used as a substitute for Peruvian bark. Liriodendron 
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tai^p^etci, the Tulip-tree^ marked by its trunoate leaves, lias similar 
• proj^rlies. 

, 744. Order 4.—^Anmcwie, the Custard-apple Fan^y. {Pohjpet. 
j^/pocf.) Sepals 8-4, persistent, offe partially cohering. Petals 6, 
i^pogynoas, in two rows, coriaceous, with a vivate ajstivation. Sta¬ 
mens indefinite (very rarely definite); anthem adnate, extrorsc, with 
a large 4-comered connective. Carpels usually numerous, separate 
pt cohering slightly, rarely definite; ovules anatropal, solitary or several, 
erect or ascending. Fruit succulent or dry, the carpels being one or 
many-seeded, and either distinct or united into a fleshy mass; spermo- 
derm brittle; embiyo minute, at the base of a ruminated perisperm.— 
Trees or shrubs, wim altemat^ simple, exstipulatc leaves, fbrmd usually 
in tropical countries. Lindley onruncrates 20 genera, including 300 
ipecies. Examples —Anona, Uvaria, Guatteria. 

745. Their properties are generally aromatic and fiagrant. Some 
of the plants are bitter and tonic, others yield edible fruits. The Cw- 
tard-apples, Sweetsops, and Soursops of the East and West Indies, are 
furnished by various species of Anona, such as A. squamosa, reticulata, 
and muricata. Anona eherimolia furnishes tire Cherimoyer, a wcU- 
known Peruvian fruit. The fruit of Xylopia aromatica is commonly 
called Ethiopian Pepper, from being used as pepper in Africa. Xyloqna 
glabra is c^ed Bitter-wood in the West Indies. The Lancewood 
of coachmakers apjjears to be furnished by a plant belonging to this 
order, called by Schomburgk Duguetia quitaretisis. 

746. Order 5.—sieniapcrmKcece, the Moon-seed Family. (Polypet. 
Sypog.) Flowers usually unisexual (often dioecious). Sepals and petals 
similar in appearanc^,in one or several rows, 3 or 4 hi ciich row, 
hypog 3 mous, deciduous. Stamens nionadelphous, or occasionally free; 
angers adnate, extroiisc. Carpels solitary or numerous, distinct or 
partially coherent, unilocular; ovule solitary, curved (fig. 420). Fruit 
a succulent 1-seeded oblique or lunate drupe. Embryo cauved or 
peiipherical; radicle superior; albumen fleshy, sometimes wanting.— 
The plants of this order are sarmentaceous or twining shrubs, with 
alternate leaves, and very small flowers. The wood is frequently 
arranged in wedges, and hence the order -was at one time put under 
the divisdon called Homogens by Lindley (if 90 and 731). Tlie order 
is common in. the tropi^ parts of A^ and America. There are 
28 known genera, including 202 ^ecies. Examples —^Menispermum, 
Cissampelos, Cocculus, Lardizabala, Schjfsandra 

747. The species are bitter and narcotic. Some are employed as 
tonics, others have poisonous properties. The root of Cocculus pal- 
matus, a plant found in the eastern part of Africa, is known as Calumba- 
root, and is used as a pure bitter tonic in cases of dyspepsia, in the 
form of infiision or tincture, .It contains a bitter crystallizable prin¬ 
ciple osdled Calumbin. Cocculus indicus is tlie firait of Awmirta 
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Coeculm. It is extremely ^>itter, and contains a crystalline poisonoiis, 
narcotic principle, Picrotoxin, which is its active ingredient. It has 
been itsed externally in some cutaneous afiections. At one time it 
was employed, most prejudicially, to give bitterness to porter. Cis~ 
sampdos Pardra, Wild-vine or Velvet-leaf, fiimishes Pareira-brava- 
root, which is employed as a tonic and diuretic, and has been, recom¬ 
mended in chronic inflammation of the bladder. 

748. Order 6.—^BerberWacefe, the Berbeuy Family. {PolypeL 
Hi/pog.) Sepids 3-4-6, deciduous, in a double row. Petals hypogyn- 
ous, equal in number to the sepals, and opposite to them, or twice as 
many, often having an appendage at the base on the inside, itamens 
equal in niunber to the petals, and opposite to them; anthers adnate, 
bilocular (dithecal), each of the loculi opening by a valve from the 
bottom to the top. Carpel solitary, unilocular, conbdning 2-12 
anatropal ovules; style sometimes lateral; stigma orbicular. Fruit 
baccate or capsular, indehiscent. Albumen flesliy or homy; embryo 
straight, som<'times large (fig. 494).—Shrubs or herbaceous perennial 
plants, with alternate, compound, cxstipulati^ leaves. Tlie true leaves 
are often changed into spincjs (fig. 231 /). Found chiefly in the moun¬ 
tainous parts of the temperate regions of the northern hemisphere. 
'ITie plants of the order have bitter and acid properties. The bark 
and stem of Berberis vulgaris, common Berberry, are astringent, and 
yield a yellow dyiq the fruit confciins oxalic acid, and is used as a 
pitisorve. Iflndley enumerates 12 genera, including 100 species. 
pjxamples —^Berberis, Epimedium, Leontice. 

749. Order 7.—CBbembacefe, the Watershield Family. {Polypet. 
JTypog.) Sepals 3-4. Petals 3-4, alternate wifh the sepals. Stamens 
hypogynous, arising from an inconspicuous torus, two or three times 
the number of the petals; smthers linear, introrse, continuous with the 
filament. Carpels 2 or more; stigmas simple; ovules orthotropaL 
Fruit indehiscent, tipped Avith the indurated styles, containing one 
or two pendulous seeds. Embryo ihinuto, enclosed in a vitellus (the 
sac of the amnios), and placed at the base of a fleshy perisperm.— 
American aquatic plants, with floating peltate leaves. Liudley men¬ 
tions 2 genera, including 3 species. Examples —^Hydropeltis, Cabomba. 

750. Order 8.—iVynplueBcrrr, the Water-lily Family (fig. 562). 

(Polypet Ilypog.) usually'4, sometimes confounded with the 

petals. Petals numerous, often jSissing gradually into stamens (fig. 
310, 2). Stamens indefinite, inserted above the petals into the toms 
(fig. 562 c); filaments petaloid; anthers adnate, introrse, opening by 
two longitudinal elefls. Torus large, fleshy, surrounding the ovaiy 
more or less (fig. 562 t). Ovary multilocular, many-seeded, with 
radiating stigmas (fig. 562 s); numerous anatropal ovules. Fruit 
many-cdled, indehiscent. Seeds very munerous, attached to spongy, 
dissepiments; albumen ferinaceous; embryo small, enclosed in a fleshy 
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viteHiis, and idtoated at the base of the perispenn (fig. 480).—Aquatic 
plants, m<lx peltate or cordate fleshy leaves, and a rootstock or stem 

■which extends itself into the mud at 
the bottom of the water. Lmdlcy 
enumerates 6 genera, comprehend¬ 
ing 50 species. Examples —^Nyra- 
phsea, Nuphar, Victoria, Euryale. 

751. Ihe plants of this order arc 
found throughout the northern 
hemisphere, and are generally rare 
in the southern hemisphere. Little 
is known in regard to their proper¬ 
ties. Some of them arc astringent 
and bitter, while others are said 
to be sedative. They have showy 
flowers, and their petioles and 
peduncles confeun numerous air-tubes. Victoria regia, is one of the 
largest known aquatics. It is found in the waters of South America, 
and is said to range over 35 degrees of longitude, 'llie flowers have 
I a fine odour. When expanded they arc a foot in diiuneter. The 
leaves are from four to six and a half feet in diameter. Tlie seeds and 
rootstocks of nuiny plants of this order contain much starch, and are 
used for food. 

752. Order 9.—Neianibiaceic, thc Water-bean Family. {Polypet. 
Hypog.) Sepals 4-5. Petals numerous, in many rows. Stamens in¬ 
definite, in several rows; filaments petaloid; smthers adnatc, introrse, 
opening by a double longitudinal cleft. Torus l.arge, fleshy, elevated, 
enclosing in hollows of its surface numerous carpels. Nuts munerous, 
mserted, but loose, into the depressions of the torus. Seeds 1-2; 
peiiq)erm none; embryo enclosed in a vitellus, huge, with 2 fleshy 
cotyledons.—Aquatic herbs, with showy flowers, peltate floating leaves, 
and prostrate rootstocks, found in thc temperate and tropical regions 
of the old and new world. Lindley enumerates 1 genus, including 3 
species. Example —^Nelumbium. 

753. The flower of Neluinbium speciomm is supposed to be the Ix>tus 
figured on Egyptian and Indian monuments, and the fruit is said to be 
the Pythagorean Bean. Thc plant is said to have disappeared from 
the Nile, where it used to abound. *■ The petioles and peduncles contain 
numerous spiral vessels, which have been used for ■wicks of candles. 

754. Order 10.—i*i»mi«entac«»c, the Sidesaddle-flower Family. 
[Polypet. Hypog.) Sepals 5, persistent, imbricated in sestivation, 
often with coherent bracts outside. Petals 5, hypogynous, concave; 

• f 562.—Section of a flower of Kymphsea alba, white Wator>liIy, showing the pistils and the 

or torus beai^g the stamens and petals, /i, Pcdimele or flower-stalk, Kievuted torus 
r. '4^:ieccptade. Ilodlating stigmas, a, Se^. 5, r, Stamena 
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occasioually, the corolla is absent, and the calyx consists of 4-6 
segments. Stamens 00; anthers adnate, dithecal, introrse, mdi longi¬ 
tudinal dehiscence. Ovary free, tri-quinquelocular; style single; 
stigma persistent, either a truncated point, or large and peltate vnlii 
5 angl(«; ovides anatropaL Cap.sule 3-5-celled, with lociiliddal 
(leliiscence. Seeds veiy numerous, small, attached to large placentas 
which project from the axis into the cavity of the cells; albumen 
copious; embryo cylindrical, lying at the base of the seed; raxlicle 
pointing to the hilum.—Herbaceous plants, found in boggy jjlaces, 
1 laving radicid lenves, the petioles of which are folded, and cohere so 
:is to form ascidia or hollow tubes (fig. 187). Scapes one or more 
dowered. The plants are found in North America and Guiana. Their 
properties lu-e not known. Lindley enumerates 2 genera, including 7 
species. Examples —Sarracenia, Heliamphora. 

755. Order 11.—Pwpaveimcefe, the Poppy Family. {Pol^/et. 
llypog.) Sepals 2, deciduous. Petals hypogynous, usually 4, cruciate, 
sometimes a multiple of 4, regular, rarely wanting. Stamens h 3 q>o- 
gynous, usually 00, .sometimes a multiple of 4 ; anthers dithecal, in¬ 
nate. Ovary solitary; style short or none; stigmas 2, or many and 
radiating (tig. 4Q9); ovtdes 00, anatropal (fig. 421). Frvdt unilocu¬ 
lar, either .silifiuaalbrm with two, or capsular with several parietal 
placentas. Seeds numerous; albumen between fleshy and oily; 
embryo minute, at the base of the albtuucn, with plano-convex coty¬ 
ledons.—Herbs or shrubs, nsually with mUky or coloured juice, 
liaviug alternate cxstipulate lcijve.s, and long one-flowered peduncles. 
Thf‘ plants belonging to tliis order are chiefly European. Tlie spedcs, 
liowcver, are found .scattered over tropical America, Asm, China, New 
Holland, Cape of Good Hope, &c. Lindley mentions 18 known 
genera, and 130 species. Excvmpk.^ —Papaver, Meconopsis, Esch- 
scholtziii, Glaucium, Chelidonium. 

756. The order possesses well-marked nai’cotic properties. Opium 
is the concrete mUky juice procuind from the unripe capsules of 
Papdver somntferum, and its vaiieties. The plant is a native of Western 
Asia, and probably also of tlie south of Europe; but it has been dis¬ 
tributed over various countries. There are five kinds of opium known, 
viz. Turkey, Egyptian, East Indian, European, and Persian; of wMch 
the first is the kind chiefly msed in Britain. The most important 
'•ctive principle in opium is the alkaloid called morphia. There are 
other crystalline principles found in it, such as codeia and narcotinc; 
and an acid called meconic acid, which constitutes with sulphuric acid 
the solvent of the active principles. According to various circum¬ 
stances, opium may act as a stimulant, a narcotic, anodyne, or diapho¬ 
retic. The seeds of the Opium Poppy yield a bland, wholesome oil. 
C/ieUdonmm tnajus, Celandine, yields an orange-coloured juice, which 
is said to have acrid properties. In this plant, observations Were made 




FDUASIACEA—CBCCIFER^. 


by Scknlla! on Cycloris (f 261, and fig. 223). EschscholUm is remark¬ 
able for Ibe dilated apex of the pedtmde, fi'om which the calyx 
separates in the fom of a calyptra, resembling an extinguisher of a 
candle. Sangvmaria canadensis, Blood-root or Puccoon, has emetic 
and purgative properties. 

757. Order 12.—VnnaviBceie, the Fumitory Family. {Polypet. 
Hypog.') Sepals 2, deciduous. Petals 4, cruciate; one or both of tlie 
two outer gibbous at the base, the two inner cohering at the apex. 
Stamens hypogpious, usually 6, diadelphous; anther of middle stamen 
of each parcel bilocular, outer ones umlooidar. Ovary free, 1-celled; 
style filiform; stigma with 2 or more points; ovules amphitropal. 
Fruit either an acheenium, or a 2-vaWed 2-seeded capsule, or a many- 
seeded siliqua. Seeds crested; albumen fleshy; embryo minute, 
excentric.—Herbaceous plants, with a watery juice, and alternate 
multifid leaves. Although at first sight very unlike the Poppy family, 
the Fumitories resemble this order in their deciduous sepals, in their 
seeds, and, in many cases, in their fhdt. Tlie two outer unilocular 
stamens of each parcel may be considered as forming one perfect 
stamen, thus making tlie whole number four. Tliey are found chiefly 
in northern temperate latitudes. They are said to be bitter and 
diaphoretic in their properties. Lindley notices 15 genera, including 
110 species. Example^Fmnann, Corydalis, Diclytra, 

75^ Order 13.— CrueUene, the Cruciferous or Cre&swort Family. 
Brassicacese of lindley. {Polypet Hypog.) Sepals 4, deciduous, the 
two lateral ones ^bbous at the base. Petals 4, hypog)T[ious, alternat¬ 
ing with the sepals, deciduous, cruciate (fig. 291). Stamens 6, tetra- 
dynamous (figs. 345, 565), two sliorter solitary (fig. 565 «')> opposite 



Figs. 60S—J570.—Organs of fructification of Erysimum lanceolatum. one of the Cracifene. 

Fig. 663.—Diagram of the flower, showing the arrangement of tour sep^s, four iietals alter' 
natlng with them, six tetmdyhamous stameus, and a siliqna with replum. 

Fig. 664.—Yerticai section of the flower, c. Calyx. }>, Petals. <?, Stamena o. Ovary laid 
open, s, Stigma. 

Fig. 666.—Flowor deprived of its envelopes, c c. Cicatrices left by tihe fall of the sepola 
g, ^landB which are situated at the base of the stamens, e', Two sliort stamens opposite lateral 
sepala e’\ Four long stamens oppo^to anterior and pc^toiior st^ls. Pistil. 

Fig. 566.~Horlzontal section mthe ovar^ g, Ovolea c, Spurious dissepiment or leplum, 
which divides the ovary into two cavities. This reidum Is formed by the placentas. 
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tlie lateral sepals, occasionally toothed; four longer (fig. 666 e"), 
opposite the anterior and posterior sepals, generally firee, sometiines 
partially tmited and fiimished with a tooth on the Inside; anthers 
bilocular, introrse (fig. 664). Torus with green glands between the 
petals and stamens and ovary (fig. 565 g). Ovary superior, with 
parietal placentas, which meet in tlie middle, forming a spurious 
dissepiment or replmn (fig. 566 c); stigmas 2, opposite the placentas, 
or anterior and posterior (fig. 456 s). Fruit 
a siliqua (figs. 567, 568), or a silicula, rarely 

1- celled and indehiscent, usually spuriously 

2- celled and dehiscing by two valves, which 
separate from the replum (figs. 4.'»6, 568), 
one or many-seeded. Seeds campylotro- 
pous (figs. 419, 524), pendulous, attaxdied in 
a single row by a funiculus to each side of 
the placentas (fig. 568); perispenn none; 
embryo with the radicle folded upon the 
cotyledons which are next the placenta (figs. 

524, 569 r). — Herbaceous plants, seldom 
tmdershrubs, with alternate leaves, and yel¬ 
low or white, rarely purple, flowers, without 
bracts. This order is well distinguished by 
having tetradynamous stamens. Most of the plants belonging to the 
order are European. The species, however, are found scattered all 
over the world. De Candolle, in 1821, calculated that the q>ecies 
then known were distributed as follows:— 


In the frigid zone of the northern hemisphere,.205 

In all tlic tropics (chiefly mountainous parts),. SO 

r-C _ 1 _;_ 1 __ 


.*“ 

Lindley enumerates 173 generji, including 1600 species. Examples — 
Draba, Lepidium, Isatis, Brassica, Sinapis, Bunias, Senebiera, Schizo- 
petalon. 

759. The order has been subdivided into sections, according to the 
mode in which the radicle of the embryo is folded on the cotyle.dons, 
as weU as according to the nature of the fruit. The suborders founded 
on the embryo are—1. Pleurorhizem side, and root), 0 = 

cotvledons accumbent, radicle latei^, i.e. applied to their edge (fig. 
517). 2. Notorhizea: (»2to», back), 0 || cotyledons incumbent, 

radicle dorsal, i.e. ■ applied to their back (fig. 518). 3. Orthoplocea; 

Fig. Sillqna or long pod. 

Fig. —^iqua with one of its valves removed, In order to show the seeds attached to the 

rc^um. 

Fig. r>C».—Vertical section of the seed. /, Fnnicnlna or nmhillcal cord. 4 Spermoderm «r 
tcstaawoUenatthechuluisu,e. r, iladicle. c, Cotyledons. 

Hg. 570.-^Horizontal section of the seed, t Spermoderm or testa, r, Badicle. c, Incambent 
cotyledons. 
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straight, and iptvo*#?, a plait or fold), 077 cotyledons condupli- 
cate (folded), radicle dorsi (figs. 513, 570). 4. Spirolobea; (<r!r«f«, a 
coil, and tiojsoc, a lobe), 0 || || cotyledons twice folded, radicle dorsal 
(fig. 515). 5. Diplecolobeffi (Hg, twice, T?ie*a, I fold or plait, and 
XD/3ig, a lobe), 0 || f || cotyledons throe times folded, radicle dorsal. 

760. The divisions founded on the seed-vessel, are—1. Siliquosa;, 
a siliqua, linear or linear-lanceolate, valves opening longitudinally. 2. 
Latiseptffi (ketus, broad, and septum, partition), a silicula, partition hi 
its broadest diameter, oval or oblong, valves flat or convex, opening 
longitudinally. 3. Angustisept® (angiistus, narrow), a sUicula, parti¬ 
tion in its narrow diameter, linear or lanceolate, valves opening longi¬ 
tudinally, folded and keeled. 4. N'ucumenta<!P!i*. (nncumetitum, a nut), 
silicula, valves indistinct or indehiseent, ofti;n 1-celled, fi’om tlie 
absence of the replum or partition. 5. SepUilata; (septa, partitions), 
valves opening longitudinally, furnished widi transverse partitions in 
their interior. 6. Lomcntace® (lomentum, an articulate legume), sUi- 
qua or silicula, dividing transversely into single-seeded cells, the true, 
siliqua being often barren and all the seeds j>laccd in the beak. 

761. In this order there is a want of symmetry .‘is rcgiirds the 
number of stamens, compared with the lloral envelopes. The two long 
stamens placed close together may, however, bo looked upon as one 
divided by a process of deduplication, so that the actual ntmibcr wUl 
thus be reduced to four. This view is confirmed by the shorter stimicns 
having teeth on each side, while tlie longer ones sire toothed on one 
side only. By pelorhiation, too, some Crucifera? become tetrandrous. 
While there is a splitting of the filaments, there is also the production 
of two additional anther-lobes. In regard to the fruit, it has been 
stated, that normally there are four carpidia or cai-pels, two of which 
are constantly abortive. In some species of Iberis there have been 
seen four sepals, four petals, four stamens, and four carpels. Thus the 
floral type of Crudfera! is quaternary: cal)rx having four sep,als, corolla 
four petals, receptacle four staminiferous glands, andrmcium four 
stamens, gynoecium four phyllidia, fhiit four carpidia. 

762. There are no truly poisonous plants in tlie order. In general, 
it possesses antiscorbutic and stimulant qualities, with a certain degree 
of acridity. Many of the most common culinary vegetables belong to 
the order, such as Cabbages, Cauliflower, Ikimip, Kadish, Cress, Horse¬ 
radish, &c. They contain much sulphur and nitrogen, and, on this 
uccoimt, when decaying, give off a disagreeable odour. Many garden 
flowers, such as Wall-flower, Stock, Kocket, and Honesty, axe found in 
this order. Brassica oleracea is the original species whence all the 
varieties of Cabbage, Cauliflower, Brocoli and Savoys have been obtained 
by the art of the gardener. The part of the Cauliflower used as food 
A4he deformed flower stalks. Brassica Bapa is the common Turnip, 
ifwule Brassica campestris is the source of the Swedish Turnip. Brassica 
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cMnends yields Shanghas oiL Lqndmm sativum is the common Cress, 
and Raphanus saiwus the Eadish. Cramhe marititna is the Sea-kale. 
The seeds of Sinapis nigra {Brassica nigra of some), furnish table 
mustard. These contain a bland fixed oil, a peculiar bitter prin¬ 
ciple, myronic add, and another prindple analogous to albumen or 
emulsin, called myrosine. When water is added, the myronic acid 
and myrosine, by their combination, form a pungent volatEe oil, 
containing sulphur and nitrogen, which gives to mustard its peculiar 
properties as a physiological agent. Shutpis aJba furnishes white 
mustard, wliicb contains more fixed oil than black mustard. It docs 
not, however, contain myronic acid, but an ansdogous principle caUed 
sinapin, or sinapisin, which, by combination with another principle, 
forms an acrid compound, but not a volatile oiL The mustard of 
Scripture is not a species of Sinapis, but SaJ.vadora perska, according 
to Royle, belonging to the natural order Chenojiodiacew. Many other 
(Irucifcrous plants yield volatile oils continuing sulphur, and the seeds 
of many yield by expression ii bland fixed oil, such as Rape-seed oil. 
Cochlearia officinalis, common Scurvy-grass, is used as a stimulant. 
Cochkaria Annoraria, or Amioracia rustieam, the Horse-radish, has 
iiritont and even vesicant qualifies. Anastatica hierochuntma, Rose 
of Jericho, is remarkable for the hygrometric property of the old 
witlicrcd annual stems, which are rolled up like a ball in dry weather, 
and drifted about by the winds in the de.serts of Syria and Egypt. If 
rain falls, they resmne tlieir original direction. They thus continue 
tor many yeiu^ to ciul up and expand, accoriling to the state of the 
atmosphere. The genus Schuojtetaloti is remarkable on account of its 
tetracotyledonous (having four cotyledons) embryo. Isatis timtoria, 
Woiid, when treated like Indigo, yields a blue dye. Isatis indigotica 
is the Tein-Ching, or Chinese Indigo. 

763. Order 14.—Capparidarew, the Caper Family. [Poli/pet JBypog.) 
Sepals 4, often more or less cohering (fig. 554 c). Petals 4, some¬ 
times 0, cruciate (fig. 554 p), usually unguiculate and unequal. Sta¬ 
mens hypogyuous, 4, 6 (fig. 554 e), or 00, but in general some high 
multiple of four, placed on an elongated hemispherical and ofiien 
glandular torus (fig. 554 a g'). Ovary usually stalked (fig. 554 o ); 
style filiform, sometimes 0; ovules curved. Fruit unilocular, siliqum- 
form and dehiscent, or fleshy and indchiscent, rarely monospermous, 
listV'Uy with two polyqiennous placdhtas. Seeds generally renifomi 
and exalbuminous; embryo curved; cotyledons fohaceous, flatfish.— 
Herbs, shrubs, sometimes trees, with alternate, stalked, undivided, or 
palmate leaves, which are either exstipulate or have spines at their 
base. They are found chiefly in warm countries, and are abrmdant in 
Afiaca. Tliere are 28 genera, and 340 species. The order is divided 
into two suborders:—1. CleomeEc, with capsular fimit. 2. Cappare®, 
with baccate fimit. Examples —Cleome, Capparis. 
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764. The plants of this order have stimulant qu^ties. The flower- 
buds of Capparis spinosa furnish capers. The plant is a native of 
the south of Europe, and, according to Eoyle, is the Hyssop (aiw) of 
Scripture. Some species of Cleome and Polanma are very pungent, 
and are used as substitutes for mustard. The pimgcncy of some is so 
great that they act as blisters. The root of Cleome dodecandra is used 
as an anthelmintic. 

765. Order 15.—Benetoceic, the Mignonette Family. (Polypa.Hypog.) 
Calyx many-parted. Petals 4-6, unequal, entire, or lacerated, in the 
latter case consistingof a broad scale-like clawwith a much-divided limb. 
Stamens 10-24, hypogynous, attached to a glandular torus; filaments 
variously united; anthers bilocular, innate, with longitudinal dehis¬ 
cence. Ova^ sessile, 3-lobed, 1-celIed, multiovular, with 3-6 parietal 
placentas; stigmas 3. Fruit either a unilocular many-seeded capsule, 
opening at the apex so as to render the seeds seminude (fig. 479), or 
3-6 few-seeded follicles. Seeds reniform, usually exalbuminous; em¬ 
bryo curved; radicle superior; cotyledons fleslij?.—Herbaceous plants, 
rarely shrubs, with alternate, entire, or divided leaves, having gland¬ 
like stipules. They inhabit chiefly Europe and the adjoining parts of 
Asia. A few are found in the north of India and south of Africa. 
The uses of the order are unimportant. Reseda Lvteola, Weld, yields 
a yellow dye. Reseda odorata is the fragrant Mignonette. The Mig¬ 
nonette is rendered suffrutico.se, by preventing the development of its 
blossoms. This is the origin of the tree Mignonette, which is much 
cultivated in France. There are 6 known genera, and 41 species, 
according to Lindley. Example —^Reseda. 

766. Order 16.— Fiacoartiacefe, theAmottoFamily. (Pohjpet.Hypog.) 
Sepals 4-7, slightly cohering. Petals equal to and alternating with 
the sepals, or wanting. Stamens hypogynous, equal in number to the 
petals, or some multiple of them. Ovary roundish, sossUo, or slightly 
stalked; style either none or filiform; stigmas several, more or less 
distinct; ovules attached to parietal placentas, which sometimes branch 
all over the inner surface of the valves. Fruit l-ceUed, containing a 
thin pulp, either fleshy and indehiscent, or capsular with 4 or 5 valves. 
Seeds numerous, enveloped in a covering formed by the withered 
pulp; albumen fleshy, somewhat oily; embryo axile, straight; radicle 
turned towards the hilum; cotyledons flat, foliaceous.—Shrubs or small 
trees, with alternate, simple, usually exstipulato leaves, which are 
often dotted. The plants are chiefly natives of the warmest parts 
of the East and West Indies, and of Africa. The order is divided 
into two sections:—1. Flacourtiese, having the placentas ramifying 
over the inner surface of the firnit 2. Bixe®, placentas narrow, and 
running in lines along the parietes. Many of the plants yield ^ble 
fruits. The pulp is oten sweet and wholesome. Some are astringent, 
others purgative. The reddish pulp surrounding the seeds of Bixa 



CISTACEjE—VIOLACE jE. S65 

ordloma supplies the substance called arnotto, which is used for yield¬ 
ing a red colour, and for staining cheese. There are 31 genera, and 
85 species, according to Lindley. Examples —Patrisia, Flacourtia, 
Prockia, Eiythrospermiun, Bixa. 

767. Order 17.—Ci»i»ccfe, theEock-Eose Family. {Polypet. JSypog.) 
Sepals usually 5, persistent, luiequal, the three inner with contorted 
jestivation. Petals 5, caducous, hypogynous, asstivation corrugated, and 
twisted in an opposite direction to that of the sepals. Stamens usually 
00, free, hypogynous; anthers 2-celled, adnate. Ovary syncarpous, 
1- or mauy-celled; style single; stigma simple. Fruit capsular, 
10-valved, either 1-celled or imperfectly 5-10-cclled, with locuUcidal 
dehiscence. Seeds usually indefinite; embryo inverted, either spiral 
or curved, in the midst of mealy albumen; radicle remote from the hilum. 
—Shrubs or herbaceous plants with entfre, opposite or alternate, stipu¬ 
late or exstipulate leaves. They inliabit chielly the southern regions 
of Europe, and the north of Africa. Some of the species are remark¬ 
able for the irritability of their stamens (f 665). Many of them 
yield a resinous balsamic juice, which imparts viscidity to the branches. 
The resinous matter called ladauum or labdanum, is yielded by Cistus 
creticus. There are 7 known genei’a, and 185 species, according to 
Lindley. Examples —Cistus, Helianthemum, Lechea. 

768. Order 18. Ttoiaceie, The Violet Family. {Polypet. Hypog.) 
Scpiils 5, persistent, usually elongated at the base, a'stivation imbri¬ 
cated. Petals 5, hypogynous, equal or uneqmd, generally withering, 
lestivatiou obfojuely convolute. Stamens 5, alternate with the petals, 
sometimes op^wsitc to them, inserted on a hypogynous torus; anthers 
dithecjil, iutiwsc, often cohering, with a prolonged connective some¬ 
times spurred (fig. 843); filaments dilated, two of them in the irrcgulsu- 
floAvens having an appendage at their base. Ovary unilocular, with 
many (rarely one) anatropal ovules; style smgle, usually declinate, with 
an oblique hooded stigma (fig. 390, 1 s). Fi’uit a 3-valved capsule, 
dehiscence loculicidal, placeuUis on the middle of the valves (fig. 390.) 
Seeds 00 or definite; embryo straight, erect, in the axis of a fleshy 
perisperm.—Herbs or shrubs, with alternate, rarely opposite, leaves, 
having persistent sti])ulcs, fmd an involute vernation. They are 
natives of Europe, Asia, and America. Tlie herbaceous species 
inhabit ciiielly ^c temperate parts of the northern hemisphere, 
while the shrubby species are found in South America and India. 
They liave been divided into two suborders:—1. ViolecE, with irregular 
fiow’ers. 2. Alsodciefe, with regular flowers. TIiGre are 14 known 
genera, and 315 species. Excmples —^Viola, lonidium, Alsodcia. 

769. They are distinguished by the emetic properties of their roots, 
whidi contain an active principle called violine, similar in its qualities 
to emetin. The roots of Viola odorata have becai used medicinally as 
ennetics. Some species of Imidmm are used in South Ammca as substi- 
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tiites for Ipecacuanha. The petals of the Sweet or March Violet, the fo*. 
of the Greeks, are laxative, and are used in the form of infusion mixed 
with sugar; and a violet or purple coluriug matter is procured from 
them, which is employed as a test for acids and alkalies, being changed 
into red by the former, and into green by the latter. Viola tricolor, 
Heart’s-case, and other si)ecies, have been used as demulcent expecto¬ 
rants. F. tricolor is the origin of all the cultivated varieties of pansy. 

770. Order 19.—^i»r®neraccte, the Sundew Family. {Pohijiet. Hypog.) 
Sepals 5, persistent, equal; asstivation imbricated. Petals f), hypo- 
gynom Stamens free, withering, alternate with the petals, or 10 or 
more; anthers bilocular, -with longitudinal dehiscence. Ovary smgle; 
styles usually 3-5, sometimes 1 or wanting. Fruit a unilocular or 
spuriously tnlocular capsule, 3- 5-valvcd, with locnlicidal dehiscence, 
occasion^y indehlsccnt. Seeds numerous, either albmninous or ex- 
albuminous; embryo minute and erec;t.—Herbaceous plants witli 
alternate loaves, usually inhabiting marshy phu-es. They are found in 
various paits of the world, in Eiirope, North and South jVmerica, 
China, East Indie.s, &c. The order has been divided into two sections; 
—1. Drosereae, styles 3-5, albumen present, Icsives with a circulate 
vernation, and furnished with glaiidulu- hairs; stipules in the form of 
fringes. 2. Pamassiea"., some of the stamens sterile; style 1 or none; 
no albumen nor glandular hairs. There are b known genera, and 
upwards of 90 species. Erampka —Drosera, Aldrovanda, Dionasi, 
Parnassia. 

771. The TJroseras have a more or less acid taste, combined with 
slight acridity. Some of them are said to be poisonous to cattle. 
Their leaves arc lumished with glandulir capitate hairs, which are 
covered with drops of fluid in sunshine; hcncc the name Sundew or Rot- 
solus. An Italian liqueur, called Possoli derives its name from a Drosera 
used in its manufacture. Some of the Droseras have dyeing properties. 
Duymm mttscipula, Venus’s fly-trap, is a North American plant, having 
the Lamina; of the leaves in two halves, each furnished with three 
irritable hairs, wliich, on being touched, eiuse the folduig of the divi¬ 
sions in an upward direction (figs. 186, 064). Aldrovanda vesiculosa, 
an aquatic Ibund in the soutli of Europe, is distinguished by its 
whorled, cellular leaves, or floating bladders. Parnassia 2 >alustris, 
Grass of Parnassus, has renuirkable gland-like bodies between the 
stamens (fig. 304). Hiese ara probably an abortive state of the 
staminal organs. Lindley looks upon them iw bundles of stamens, and 
places the genus among Hjq)eric.ace£e. The stamens of Parnassia are 
irritable, and move towards the pistil hi succession 065). 

772. Order 20.—Poimaiacete, the Milkwort Family. {Polypet. 
Hypog.) Sepals 5, very irregulfu-, distinct; 3 exterior, of which 1 
is superior, and 2 inferior; 2 interior, usually petaloid, lateral; ajsti- 
vation imbricated. Petals hypogynous, unequ^, usually 3, of which 



TBEMANDBACK.E—TAMAKICACEiE. 


3G7 


1 is anterior, and larger than the rest, and 2 are alternate with the 
upper and hiteral sepals; sometimes there are 5 petals, 2 of them very 
minute; tl»e anterior pefaJ, called the keel, is often crested. Stamens 
hypogynous, 8, monadclphous or diadelphous; anthers davate, usually 
J-celled, and having iiorous dehiscence. Ovary mostly bilocular; 
ovules solitary, rarely 2; style simple, curved; stigma simple. Fruit 
deliiscing in a locidiciid manner, or indehiscent. Seeds pendu¬ 
lous, anatropal, strophiolatc at tlie liilum; albumen fleshy; embryo 
straight.—Slfrubs or herbs with alternate or opposite cxstipulate leaves. 
Tliey arc found iu all quarters of the globe. Lindley mentions ID 
genoKi, including 495 species. Examples —Polygala, Securidaca, 
Knwneria. 

773. In the appear.ance of their flowers, the plants of this order 
have a resemblance to Papilion.-icea’. Tlicy arc distinguished, however, 
by the odd petal being inferior, and the sepal superior. They are 
generally bitter, and their roots yield a milky juice. Polygala Senega, 
Snake-root, is a North Ameiicau species, the root of which is used 
medicinally in large doses iis emetic and cathartic; and in small doses 
as a stiimilant, sudorific, expectorant, and sL'ilagogue. It contains an 
acrid principle, called polygaliu, senegin, and polygalic itcid. 'fhe 
name of Snake-root was given from its supposed use as an antidote to 
the bite of the mttie-snake. Krameria triatidra, a Peruvian plant, 
liunishes lihatimy-root, wliicli is employed as a powerful and pure 
astringent in c;i.se.s of lianuorrliage, and elironic mucous discharges. 

774. Order 21.—^Tremandraccie, the Porewort Family. (Polypet. 
I/ypog.) Sepals 4-5, .slightly coherent, deciduous with a valvate sesti- 
vation. Pebils 4-5, deciduous, with an involute rcstivation. Stnmcns 
hypogynous, distinct, 8-ltt, 2 before each petal; anther di- or tetra- 
thecal, Arith porous dehLscence (fig. 324). Ov:uy bilocular, with 1-3 pen¬ 
dulous ovules in each cell; style 1 ; stigmas 1-2. Fruit a 2-celled, 
2-valvA!d capsule, Avith locidicidid deluseencc. Seeds anatropal, pendu¬ 
lous, Avith a caruncida at th(! api!X; embryo cylindrical, straight, in the 
axis of fleshy albumen.—Hcath-likc shrubs, with hairs usually glan¬ 
dular, alternate or verticillate exstipulatc leaves, and solitary axillary 
l-flowcrod pedicels. Ihey sire natives of New Holland. Nothing is 
knoAvii rog-irdiug their properties. Lindley mentions 3 genera, in- 
eludirig 10 species. Examples —Tetratlieca, IVemandra. 

775. Ordcr22.—Tamni-icnccie.theTamariskFamily. (Polypet.Hypog.) 
Calyx 4-5 partite, persistent, Avith imbricated sestivation. Petals 4-5, 
^‘.ypo^noixs, or perhaps inserted at tlie base of the calyx, marcescent, 
with imbricated aestivation. Stamens hypogynous, free or monadel- 
phous (fig. 311), equal to the petals in number, or tAvice as many; 
iuithei-8 dithccal, introrse, with longitudinal dehiscence. Ovary uni- 
loci^r; styles, 3. Fruit a 3-valved, 1-celled capsule, Avith locnJicidal 
dehiscence. Seeds nAimerous, anatropal, erect or ascending, comose; 
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albumeaO; embiyo straight, with the radicle next the hilum.—Shrubs 
or herbs, with alternate scale-like leaves, and racemose or spiked 
flowers. They abound in the Mediterranean region, and are coined 
chiefly to the eastern half of the northern hemisphere. Many are 
found in the vicinity of the sea They have a bitter astringent bark, 
and some of them yield a quantity of sulphate of soda when burned. 
The saccharine substance called Mount Sinai Manna, is yielded by 
Tcanarix tnanmfera. Lindley mentions 3 genera, comprising 43 known 
species. Examples —^Tamarix, Myricaria. 

776. Order 23.—FranUeniaceie, the Frankenia Family. {PolypU. 
Hypog.) Sepals 4-5, cohering into a tube, persistent. Petals 4-5, 
alternate with the sepals, hypogynous. Stamens hypogynous, equal in 
ninnber to the petals, and alternate with them, sometimes more numer¬ 
ous ; anthers bilocular, with lon^tudina! dehiscence. Ovary unilocu¬ 
lar, with parietal placentas; style filiform, often tidfid. Fruit a 
1-celled, usually 3-valved capsule, widi sopticidal dehiscence. Seeds 
very minute, numerous, anatropid; embryo straight, in the axis of flesliy 
albumen.—Herbs or midershrulM, with opposite exstipulate leaves. 
They are found chiefly in the southern parts of Europe, and in the 
north of Africa. They are said to have mucilaginous and slightly 
aromatic properties. Genera, 4; species, 24. Example —^Frankenia. 

777. Order 24.—EioUnaceie, the Water-pepper Family. {Polypet. 
Hypog.) Sepals 3-5, free, or slightly coherent at the base. Petals 
idtemate with the sepals, hypogynous. Stamens hypogynous, equal 
to, or twice as many as, the petals.. Ovary tri-quinquelocular; styles 
3-5; stigmas, capitate. Fruit capsular, 3-5-celled, 3-5-valved, loculi- 
cidal; placenta central Seeds 00, cxalbuminous, anatropal; embryo 
cylindrical and slightly cirrved.—^Annual marsh plants, witli hollow 
creeping stems, and opposite stipulate leaves. They are found in all 
parts of the globe, ^mc of them have acridity, and hence the name 
Water-pepper. Genera 6, and species 22, according to Lmdlcy. 
Examples —^Elatine, Bcrgia. 

778. Order 25.—Carraphrilaceie, the duckweed Family. (Polypet. 
Hypog.) Sepals 4-5 (fig. 571), free (fig. 269), or united in a tube 
(figs. 290 c, 553 c), persistent. Pet^ 4-5 (fig. 571), hypogynous, 
unguiculate (fig. 281), often bifid or bipartite (fig. 283), occasionally 
0. Stamens (fig. 672 e) usually double the number of tire petals, or, 
if equal, usu^y alternate with >them; filaments subulate, sometimes 
tinted; anthers innate, bilocular, dehiscence -longitudinal Ovary 
single, often stalked or supported on a gynophore (fig. 553 g), composed 
of 2 to 5 carpels, which are usually united by their edges, but some- 

' stimes (he edges are tmned inwards, so as to form partial dissepiments; 
8flgma$ 2-5 (fig. 391 s), with papilla on their inner surfiice (fig. 572 s). 
Capsule ujulpcular (figs. 391, 674, 2), or imperfectly bi-quinquelocular 
(fig. -673), 2-5 valved, opening either by valves, or more commonly 
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hy twice as many teeth as stigmas (figs. 444, 674); placeuta in lihe 
axis of the finiit (figs. 391,574,2, jp). Seeds usoalfy 00, amphitropal 



w'ith metily albuTuen, and a. pcripherical ombiyo (fig. 575).—^Herbs, 
sometimes snfihiticose plants, with opposite, entire, exstipulate, some¬ 
times connate leaves, and usually cymose inflorescence (figs. 249, 250.) 
They inhabit chiefly temperate and cold regions. The order has been 
divided into three suborders: 1. Alsinea;, sepals distinct (fig. 269), 
and opposite the stamens, when the flowers are isostemonous. 2. 
SUenea), sepals cohering in a tube (fig. 290 c), opposite the stamens, 
when the ;flowcrs arc isostemonous. 3. MoUu^ese, sepals distinct or 
nearly so, alternate with the stamens, when isostemonous. lindley 
mentions 53 genera, and 1055 species. Examples —^Alsine, Cerastium, 
Dianthus, SUene, MoUugo. 


FigR. 571-fi7^.>-»T11imtratjonfi uf tlie natural orAcr Ciiryophylluceie. 

Fig. 572.--J>iagram of the lloM'er of Alsine meiiia, common Chickweed, belonging to the 
natural order Caryophylloceie, miborder Alidncffii. Tlie flower consista of 5 imbricate sepals, 5 
altcniMte petals, 5 stamens, a unilocular orary, with | flrec central placenta, and numerous ovules. 

llg. 57‘i..-^Sectlon of the flower of Dianuius Caryophyllus, Carnation, c. Calyx; j?, petals, 
cohei'ing with tlic stamens at the base; e, stamens; gynophure or thecaphorc, te. stalk 
supporting the ovaiy: o, ovary with central placenta and ovules; ^ two stigmas, which are 
imimlose all along their inner surface. 

Fig. 573.—Horizontal section of the ovary iu a very young state, cdiowfng the imititions, c 
which divido the ovary into two cavities. These divisions ultimately disappear, leaving the 
pbwenta,»», hearing the ovules free in the centre. 

rig. 574.--Capsule of Lychnis Githago at the iieriod of dehiscence, when tlie pcricaip separates 
into five vidves at the summit 1. “Kie capsule entire. 2, Capsule cut vertically, to sliow the 
seeds, gr, groiiped in a nio^ on a fi^o central placenta, p. 

Fig. 57$.~^ed8. 1. Entire seed. 2. Seed cut vertically, t Spermoderm. c, Peripheric^ 
embryo, surrounding the mealy perisperm, p, 

2 B 
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779. Hie plants of this order are usually insipid, but, aocurding to 
Malapert and Bonnet, some are poisonous. "Ae poisonous quality 
is attributed by them to the principle called Saponine, which exists in 
many of the species of Saponaria, Silene, Lychnis, and Dumlhus. 
To Saponine, also, is due the saponaceous or soap-like properties of the 
{dants. Arimiria pephides hits been used as a pickle. In Iceland it 
serves as an article of food. The greater part of the plants of the 
order are weeds, but some are showy garden flowers. To the latter 
may be referred all the varieties of Diantkus CaryophyUm, Clove- 
pink or Carnation, Picotees, Bizarres, and Makes, numerous species of 
Pink, Campion, &c. The varieties of Carnation depend on the mode 
in which the coloured stripes or dots are arranged on the petals, and 
the entire or serrated appearance of tlieir edges. The formation of the 
placenta in the CaryophyUace® has given rise to much discussion, 
some looking upon it as a marginal, others as an axile formation 
(T 448). 

780. Order 26.—wirianiaceic, the Vi viania Family. (Tolypet. Ilypog.) 
Sepals 6, united. Petals 5, hypogynous, unguiculate, persistent, vith 
twisted sestivation. Stamens 10, h)fpogynous; filaments free; anthers 
bilocular, opening longitudinally. Ovfiry flue, 3-celled; stignnis 3. 
Capsule 3-celled, 3-valved, loculicidal; seeds, 2 in eiich cell, with a 
cmved embryo lying among fleshy albmnen.—Herbaceous or suffiuti- 
cose plants, with opposite or vcrticillate exstipulate leaves. Natives 
of South America, having no properties of importance. Genera, 4 ; 
species, 15. 'Examples —^Viviania, Caesarea. 

781. Order 27.—tBaiTaceic, the Mallow Family. {Polyjiet. Bypoy.) 
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Sepals 5 (fig. 577), rarely 3 or 4, more or less cohering at the base 
(fig. 274 c), with a Tralvatc sestivation (fig. 263), often bearing an external 

Flga 576-584.~^rganB of fructiflcatloQ of Malva Bylvcstria, to illustrate tho natural order 
Malvacefe. 

Figs..j676.—<nower viewed from above, with its Hvo petals, tnonadelphouB stamens, peduncle or 
flower>ata3k, and two st^ulea 

?lg. S77.^Piagnun of tlie nower, showing the different whorls or verticils; 5 valvate or indU' 
plicate aeliels, 6 twisted petals, indefinite monad<dphous stamens, and united carpels. 
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cal)rx {epiccHya^ or involucre (fig. 274 V). Petals equal in number to 
the sepals; sestivation twisted (fig. 264). Stamens 00 (fig. 578 a), 
hypogynous, all perfect; filaments monadelphous (fig. 578 t) or 
polyadelphous (fig. 551); anthers monothccal (fig. 328), reniform 
(fig. 579), with transverse dehiscence. Ovaiy formed by the umon 
of several carpels round a common axis (figs. 452, 580), either distinct 
or cohering; styles as many as the carpels (fig. 578 s), umted or tree. 
Fruit capsuLir or baccate; carpels one or many-seeded, sometimes 
doscly united, at other times separate or separable (figs. 383, 580); 
dehiscence loculicidal (fig. 449) or septicidaL Seeds ainphitropal or 
scmi-anatropal; albumen 0, or in very small quantity; embryo curved 
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(fig. 583); cotyledons twisted or doubled (tig. 584).—Herbaceous 
plants, tiees or shrubs, with alternate stipulate leaves (fig. 576 s), 
more or less divided, and often with stellate hairs (fig. 82). Tliey are 
found chielly in tropiad countries, and in the warm parts of the tem¬ 
perate zone. Idudley enumerates 37 genera, including 1000 species. 
The order has been divided into three tribes:—1. Malveas, an in¬ 
volucre present; Iruit apocaiqious or sopsu-able. 2. Hibisceso, an 
iuvolncK!; Ihiit synciuqious. 3. Sideaa, no involucre; fruit either apo- 
ciupous or syncarpous. Examples —^Lavatera, Malva, Hibiscus, Sida. 

782. The plants of the order iu-e all wholesome, and yield mucilage 
in Large qmuitity. Some fiiinLsh materials for cordage, others supply 
cotton. Malva siflvestris, Common Mallow', and AUIum Mar^ 

Msdlow', are employed medicmally, as dcmidcents and emoUients. 

H)?. r>78.—yci'ticul section of tlio flower, i, Calicnlus, eplcalyx^or involtui^; calyx ;jp, pctols; 
t. tulie of monudelphouti stamens, forming an arch ulmve the ovary, o, and united at the bast^ 
to the petals; a, antliers at the summit oftlic fllameiits, «, styles fhie at the summit, united 
bdow. 

Ftg. 679.—'A renifiirm moiiothocal anther, dehhKdng transversely, 8cpm«,tcd adth the ttpi»er 
part of the fllainent 

Fig. 680—Fruit, sorniiinded by tlie porslstcut calyx, c, consisting of whorlcU cariicls united 
together by tile axis, a. ^ » e 

Fig. 681—A sepiu^tc carpel viewed laterally. 

682.—Exolbuminotu amplUtroped seed. 

Fig. 683.—Curved embryo. 

Fig. 684.—Section of the embryo, to sliow the doubled cotyledons. 
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The latter is the Guimauve of the French. Tlie flowers of 
the Hollyhock, are used for similar purposes; the plant also yields fibres 
and a blue dye, Ihe flowers of Abutilm esculmtum, and the fruit of 
Aheljmsclma esculentm, called Ochro, are used .is articles of food. Hibis¬ 
cus cmnabims is the source whence sun-hemp is procured in India- 
Other species of Hibiscus also yield useful fibres. The bark of Faritium 
iSUaceum furnishes valuable materials for cordage. Cotton is com¬ 
posed of the hairs surrounding the seeds of various species of Gossy- 
pkm. These hairs, when diy, exlubit under the microscope a 
peculiar twisted appeiirance. (lossypium barbadense seems to be the 
species which yields the best cotton; the Sea-Island, New Orleans, and 
Georgian cotton being produced by varieties of it. Oosst/pium peru- 
vianum or ncumnatum, furnishes the Soudi American cotton; Oosh/- 
pmm herbneeum., the common cotton of India. G. arbm-eum Ls the 
Indian-tree cotton. The Chinese Nimkin cotton is furnished by a 
variety of G. herbaceum. The quiility of cotton-wool depends on 
the length, strength, and firmness of the tissue;, or, fis it is called, the 
staple. These essential attributes are modified by the cleanline.ss and 
the colour. Long-stapled cottons are generally used for the twist or 
warp, and diort-stapled for the weft. The value of cotton varies 
not only fording to the .speeie.s, but also according to the nature of 
the dimaic in which it grows. Tlje total import of Cotton into Britain 
in 1845, was upwards of 716 millions of pounds; while in 1846 and 
1847, it amoimted only to about 480 mfllions. The seeds of the 
cotton-plants yield oil which has been used for Limps. 

783. Order 28.—snercniinccic, the Sterculia and Sfik-colton Family. 
(Polypet Hypog.) Calyx of 5, more or less united, sepals, often sur¬ 
rounded by an involucre; aistivation usually valvate. Petals 5 or 
none, hypogynous, lestivation twisted. Stamens usually oc; their 
filaments variously united; anthers 2-celled, extrorsc. Pistil of 5 
(i-arely 3) carpels, either distinct or cohering; styles equal in number 
to the carpels, free or cohering; ovules orthotropal (fig. f)23 ( or ana- 
tropal. Fruit capsidar, usually with 5 cells, or follicuLir or suc¬ 
culent. Seeds often with a woolly covering; with a fleshy or oily 
perispenn (rarely 0), and either a straight or a curved embryo; cotyle¬ 
dons leafy or thick, plaited or rolled round the plumule.—^Trecs or 
shrubs, witli alternate leaves, which are either simple or compound, 
deciduous stipules, and oflen a dilate pubescence. They ai'e distin¬ 
guished from Malvacea; by their dithecal extrorse anthers. They 
inhabit warm climates. The order has been divided into the follow¬ 
ing sections:—1. Bombacea;, with hermaphrodite flowers, and pal¬ 
mate or digitate leaves. 2. Helictereae, with hermaphrodite flowers 
and simple leaves; 3. Sterculiese, with tmisexual flowers, and either 
^ple or palmate leaves. Lmdley mentions 34 genera, including 
125 species. Examples —^Bombax, Helicteres, Stfcculia. 
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784. Hie plants are imicilaginous and demtilcent; many are used 
lor food, others supply a matenal like cotton. The silky hairs sur¬ 
rounding the seeds of Jiombax Gdha, the Silk-cotton tree, are used for 
stuffing cushions and chairs, and for various other domestic purposes. 
The trunk of the tree is made into canoes. Adansonia digitata, tlie Bao¬ 
bab tree of Senegal, or monkey-bread, is one of the largest known 
trees. Its trunk sometimes attains a diameter of thirty feet, while its 
height is by no means in proportion. Hie pulp of its fruit (amphisarca) 
is used as an article of food. Durio zibethinm furnishes the fruit called 
Durian in the Indian Archipelago. Hie fruit is much prized, although 
it has a feetid odour, which lias given rise to the name Civet Durian. 
Cheirostenwn phttanoides is called the liand-plant of Mexico, on account 
of its five peculiarly curved anthers, which resemble a claw. Ildk- 
l/’.res (frfom helix, a snail) is so named on account of its twisted fruit. 
Hie Kola, mentioned by Africiin travellers as being used to sweeten 
water, is the seed of a species of Stcrcnlw. 

785. Order 29.—Bytuirriaeeie, die Byttiicria and Chocolate Family. 
{Polypet. Iljfpog.) Calyx 4-5 lobed, valvate in sestivation (fig. 261 c). 
l^itals 4-5 or 0, often elongated at the apex, with a tivisted or iuduplicate 
iiistivation (fig. 2G1 p). Stamens hypogyuous, either equsd in number 
to the petals, or some multiple of them, more or less monadelphous, 
some of them sterile; anthers bilocular, introrse. Ovary free, composed 
usually of 4-10 carpeLs arriuiged round a central column; styles terminal, 
!is many as the carpels, free or united; ovules 2 in each loculament. 
Fiuit ciipsuliu-, either with loculicidal dehiscence, or the carpels separat¬ 
ing from each other. Seeds anatropal, often winged; embryo straight 
or curved, lying usually in fleshy albmneii; cotyledons either plaited 
or rolled up spirally.—Trees, shrubs or undershrubs, widi alternate 
leaves, having either deciduous stipides or 0, and stellate or forked 
hairs. They abound in tropical climates. Dindley enumerates 45 
genera, embracing 400 species. The order has been divided mto six 
.suborders, founded on the following genera: Examples —^Ijasiopetalum, 
Byttneria, Hermannia, -Dombcyti, Eriolecnii, and PhOippodendron. 

786. The plants abound in mucilage, and many yield cordage. 
Hie seeds of Theobroma Cacao are called Cacao-beans, .and are the 
chief ingredient in chocolate, which coiitiuus also sugar, amotto, vanilla, 
and cinnamon. The seeds by pressure yield a frtty oil, called Butter 
of Cacao. They contain a crystalline principle analogous to caffeine. 
Called Hicobromine. The Cocoa of the shops consists generally of 
the roasted beans, and sometimes of the roasted integuments of the 
beans, ground to powder. 

787. Order 30.—^ruiaerte. the Lime-tree Family. {Polgjiet.. Hypog.) 
Sepals 4-5, with a valvate aistivation. Petals 4-5, entire, rarely want¬ 
ing. Stamens hypogjmous, free, or united by the enlarged border of the 
stalk of the pistu (fig. 316,1, 2), usually oo; anthers 2-celled, dehiscing 
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longitudinaJly or by pores, occasionally some abortive (fig. 316, 2). 
Disk often l^ge and glandular. Ovary solitary, formed by the union 
of 2-10 carp^; style 1; stigmas as many as the carpels. Fruit dry 
or pulpy, either nmltilocular with numerous seeds, or by abortion uni¬ 
locular and 1-seeded. Seeds anatropal; embryo erect in the axis of 
fleshy albumen, with flat, lea^ cotyledons (fig. 510).—Trees or shrubs, 
rarely herbaceous plant^ with alternate stipulate leaves (fig. 195). 
They are found chiefly in tropical re^ons, only a small number in¬ 
habiting northern countries. The. order has been divided into two 
sections:—1. TUiete, with entire petals or 0, and anthers dehiscing 
longitudinally. 2. Eheocarpea*, with lacerated petals, smd anthers 
opening at the apex. Lindley enumerates 35 genera, including 350 
species. Examples —TUia, Corchorus, Grewia, Aristoteha, Elamcarpus. 

788. The plants possess mucilaginous properties, and many of them 
furnish excellent materials for cordage. The fhiit of some is edible. 
From the gummy matter they contain, some have been employed as 
demulcents. Hie inner bark, the bast or bass, of the linden or Lime- 
tree {TiUa Europcea), is tough and fibrous, and fi-om it are manufiictured 
Russian mats. An infusion of the flowers is used on the continent a.s 
an antispasmodic and expectorant. A species of Corchorus is used in 
India for the manufecture of bags and a coarse kind of linen. Hie 
leaves of Corchorus olitorms, Jews’-mallow, are used in many coun¬ 
tries as a culinary vegetable. 

789. Order 31.— Dipteracarpaoeie, the Sumatra-Camphor Family. 
(Pdlypet Hjjpog.) Calyx tubular, 5-lobed, unequal, naked, persistent, 
and afterwards enlarged, with an imbricated lestivation. Petals hypo- 
gynous, sessile, often combined at the base, with a twisted aistivation. 
Stamens indefinite, hypogynous; filaments dilated at the base, either 
distinct or irreg^arly cohering anthers innate, bilocular, subulate, 
opening by terminal fissures. Torus not enlarged in a disk-like man¬ 
ner. Ovary superior, 3-celled; ovules in pairs, pendulous; style and 
stigma simple. Fruit coriaceous, unUocul^ by abortion, S-valved or 
indehiscent, surrounded by the calyx, which is prolonged in the form of 
loi^ wing-like lobes. Seed solitary, exalbuminous; cotyledons often 
twisted and crumpled; radicle superior.—^Trees with alter nate leaves, 
having an involute vernation, and deciduous convolute stipidcs. They 
are found in India. There are about 8 known genera, including 48 
species. Examples —Dipterocarpus, Vateria, Dryobalanops. 

790. The trees belonging to this order are handsome and omamen- 
^ and they abound in resinous juice. A kind of camphor is procured 
in Sumatra finm Dryobalanops Gamphora or aromatica. It is secreted 
in crystalline masses naturally into cavities in the wood. It supplies 
this camphor only after attaining a considerable age. In its young 
state it yields on mcision a pale yellow liquid, called the liquid cam¬ 
phor of Borneo and Sumatra, which consists of resin and a volatile oil 
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having a camphoraceons odour. Indian copal, or Gum animi of com¬ 
merce, is the inspissated varnish got from VcUeria Indica. The fruit 
of this tree yields to boiling water the celebrated Butter of Canara, or 
Pinei tallow. Various species of Dipterocarjm yield a substance like 
Balsam of Copaiva. 

791. Order 82.— Chk«nnc«e, the Chlamad Family. {Polypet.Hypog.) 
Involucre 1-2-flowered, persistent. Sepals 3, smalL Petals 5-6, 
hypogynous, sometimes combined at the base where they are broader. 
Stamens 10, or indefinite; filaments cohering at the base, and united 
to the base of the petals; anthers roundish, free or united, bilocular. 
Ovaiy single, trUocular; style 1, filiform; stigma trifid. Capsule 
3-cdled, or by abortion 1-ceIled. Seeds solitary or numerous, sus¬ 
pended, attached to a central placenta; embryo in the axis of fleshy 
or homy albumen; cotyledons leafy, undulated.—^Trees or shrabs, 
with alternate stipulate leaves, foxmd in Madagascar. Their proper¬ 
ties are unknown. There are four genera enumerated, including pro¬ 
bably about 8 or 10 spedcs. Examples —Sarcolaena, Leptolmna. 

792. Order 33.— Tem«tniiinta.c«e, the Tea Family. (Polypet.Hypog.') 
Sepals 5 or 7, concave, coriaceous, deciduous, the innermost often fire 
largest; aestivation imbricated (fig. 265 c). Petals 5, 6, or 9, often 
combined at the base (fig. 265 p). Stamens indefinite, hypogynous; 
filaments free, or united at the base into one or more parcels; anthers 
versatile, or adnate, dehiscing longitudinally. Ovary multdocular; 
styles 2-7. Fruit dthcr a capsule, 2-7-celled, opening by valves, or 
coriaceous and indchiscent. Seeds attached to the axis, few and large; 
albumen 0, or in very small quantity; embryo straight or bent, or 
folded back; radicle next the hilum; cotyledons vei^r l^ge, often con¬ 
taining oil.—^Trecs or shrubs, with alternate, coriaceous, exstipulate 
leaves, which are sometimes dotted. They abound in South America, 
and many occur in India, while others inhabit China and North 
America. There .are 33 genera, and 130 species enumerated. Ex- 
ampks —^Temstreeniia, Gordonia, CameUia, Thea. 

793. The most important plants of this order are those which yield 
Tea. Considerable discussion has taken place regarding the Tea plants: 
some say that there is only one species; others, two; others, three. 
Fortune visited the black and green tea districts of Canton, Fokien, 
and Chekiang, and he says that the black and green teas of the nor- 
th.,.m districts of China are obtained from the same species or variety, 
viz. that cultivated in Britain imder the name of Tlmi viridis; while the 
black and green teas firom the neighbourhood of Canton are made 
from the species or variety ctiltivated in this country under the name 
of Thea Bohea. Some m^e the Assam plant a different species, and 
thus recognize three, Thea Cantonimsis or Bohea, Thea viridis, and Thea 
Assandca. The quality of the tea depends much on the season when the 
leaves are picked, the mode in which it is prepared, as well as the district 
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in whidi it grows. Green Tea contains more essential oil and tannin than 
Black Tea. The Green Teas indude IVankay, Young Hyson, Hyson, 
Gunpowder, and Imperial; while the Black include Bohea, Congou, 
Soudiong, Oolong, and Pekoe. Tlie teas of certain districts, such as 
Ankoi, have peculiar characters. In some instances teas jtre dyed by 
means of laatis indigotica; in other cases, by means of Prussian blue 
and gypsum. Perfume is communicated to teas by means of OUa 
fragram, Chlorcmtkus mcomspicmis, and Aghna odorabt. There is a 
bitter principle in tea called t/teihe, which may be procured by adding 
a dight excess of acetate of lead to a decoction of tea, filtering hot, 
evaporating, and subliming. According to Dr. Stenhouse, 

1 lb. of Green Hyson Tea gave 72 grains pure white Thoine, and 2 coloured 
= 74 grains or 1*0.5 p. c. 

8 oz. Black Congon gave 34*5 gr. pure, and 1*5 impure = 36 gr. or 1*02 p. c 

6 oz. of Black Assam Tea yielded 36 gr. or 1*37 p. c. 

1 lb. of a cheap Green Tea, called Twankay, gave 69 gr. or 0*98 p. c. 

In 1846, the Imports of Tea into tlie United Kingdom were— • 

Black, about..43,000,000 lbs. 

Green, about.13,000,000 — 

Total,.56,000,000 — 

An interesting account of the Tea plants, and the manufacture of Tea, 
will be fouJnd in Fortune’s “ Travels in China,” in Ball’s “ Account of 
the Cultivation and Manufiicture of Tea,” Boyle’s “Illustrations of 
Himalayan Botany,”andhis “Productive Resourcesof India.” Thegenux 
Camellia is prized on account of its showy flowers. 'Tliere are numer¬ 
ous cultivated varieties of CarmUia japordea., many of which can endure 
the climate of Britain when trained on a wall with a southern exposure, 
or slightly protected. In Cliina, CaindUa Sasanqua, or Sasanqua tea 
is cultivated on account of its flowers, which are said to impart fi:*a- 
grance and flavour to other teas. CcaiielUa oleifera yields a valuable oil. 

794. Order 34.—oiHcacue, the Olax Family. (Pohfjtet. Hypog.) 
Calyx small, gamoscpalous, entire or toothed, often becoming finally 
large and fleshy; mstivation imbricated. Petals 3-6, hypogynous, 
free, or adhering in pairs by means of the stamens; aestivation valvate. 
Stamens hypogynous, some fertile, others sterile; the former 3-10, 
alternate with the petals, the latter opposite to tlie petals; filaments 
compressed; anthers innate, bilocular, with longitudinal dehiscence. 
Ovaiy 1-3-4-ceIled; ovules 1-3, pendulous firom a central placenta; 
style filiform; stigma ample. Fruit fleshy, indehiscent, often sur¬ 
rounded by the enlarged ralyx, unilocular, monospermal. Seed ana- 
tropal, pendulous; albumen copious, fleshy; embryo smaU, at the 
base of the albumen.—Trees or shrubs, wim simple, alternate, exsti- 
pulate leaves, which are, however, sometimes abortive. They are 
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chiefly tropical or subtropical. little is known in regard to their 
properties. There are 24 genera, and 53 species enumerated. Exam¬ 
ple^ —Olax, Opilia, Icacina. 

795. Order 35.—^Anramtaceie. the Orange Family. (Polypet. Eypog.) 
Calyx urceolatc or campanulatc, short, 3-5-toothed, widiering. PetaLs 
3-5, broad at the base, sometimes slightly coherent; aestivation imbri¬ 
cated. Stamens equal in number to, or a multiple of, the petals; 
filaments flattened at the base, distinct or combined into one or more 
parcels; anthers erect. Tlialamus enlarged in the fonn of a hypogj - 
nous disk, to which the petals and stamens are attached. Ovaiy free, 
multilocular; style 1; stigma tliickish, somewhat divided. Fruit a 
hesperidium, having a spongy separable rind, and pulpy separable cells 
(IF 552). Seeds anatropal, attached to the axis, solitary or several, 
usutdly pendulous, having the chalaza and raphe usually well marked; 
perisperm 0; embryo straight; cotyledons thick and fleshy.—^Treea 
or slnnibs, usually conspicuous for their beauty, with alternate, often 
compound leaves, which are articulated with a usually winged petiole 
(fig. 185). lliey abound in the East Indies. Tlicre are 20 genera, and 
nearly 100 species einuncrated. Examples —Citrus, Limonia, Triphasia. 

79(!. The plants exhibit in every pjirt receptacles of volatile oil. 
Hie oil abounds in the leaves and in the rhid of the fruit. It is fragrant 
and bitter. The fruit lias a more or less acid pulp, and the wood is 
generally compact. Tlie Oriuige, Lemon, lame. Citron, Shaddock, 
and Forbidden Fruit, belong to this order. Citrus vulgaris yields 
the Bitter or Seville Orange, from the flowers of which an essential 
oil, called Neroli-oU, is procured, in the proportion of an oimce frum 
550 pounds of flowers. A similar oil is got from the flower of the 
bwcet Orange, dims Aurantium. The rind of the Bitter Orange is used 
iii conserves. In the young state, the fruit is sold under the name of 
Oraugettes or Cura 9 oa oranges. Orange-flower-watcr, as obtained from 
the flowers of the Bitter Orange, is employed as an anodyne. The 
chief kinds of Sweet Orange are tlie Common Orange, the Chmese or 
Mandarin Orange, the Maltese, and St. Michael’s. The last are the 
finest imported into Britain, and are distinguished by their smooth, 
thin rind A single tree, it is said, will produce 20,000 gcxid oranges. 
Their fruit is used medicinally, on account of the pulp, whicli contmns 
sugfu-, mucilage, and citric acid From the rind of the Sweet Orange, 
an jil called Oil of Orange is procured, which differs from Neroli-oil. 
A similar oil, but of inferior quality, is procm-ed fium tlie rind of the 
Seville Orange. Many look on the Bitter and Sweet Oranges as pro¬ 
duced by varieties of one species. The Bitter Orange-tree is less than 
tliat yielding the Sweet Orange; the petioles are more distinctly folia- 
ceous; the flowers have a sweeter fragrance; the rind of the fruit is 
darker and more bitter; and its pulp more bitter and less saccharine. 
The Lemon, Lime, and Citron, are distinguished from oranges by their 
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oblong form, dieir adherent rind, and a protuberance at the apex. 
CUms Limomm yields the Lemon, the juice of which is antiscorbutic, 
and is used for cooling drinks and effervescing draughts, while the peel 
or rind, on account of the oil it contains, is employed as an aromatic and 
anthelmintic. A single tree will produce 8,000 lemons. Citrus medim 
furnishes the Citron, which is larger tiian the Lemon, has a thicker 
and tuberculated rind, and a less acid pulp. Ihe rind and juice may 
be applied to the same purposes as those of the Lemon. Citrus LimeUti 
is the soOTce of the Bergamot and Lime, which are probably merely 
varieties. The Bergamot is less than the Lemon m size, and is more 
pyriform, while its colour is golden. The lime is about half the aze of 
the Lemon; its rind is thin, dense, and of a greenish-yellow colour, and 
its taste is more bitter. Oil of Bergamot is the volatile oil of the rind, 
and 100 fruits are said to yield ounces. The fruit of ftitras decu- 
mcma is known by the name of the Shaddock, while that of C. Pom- 
pelmos is the Pompelmoose fruit. What are called homed oranges 
and fingered citrons, arc produced by a separation or multiplication of 
the carpels, so that small fruits appear to be enclosed within the large 
one. ^gU Marmdos yields an exceUeiit limit. From Feromi eUphm- 
tum, a gum, like gum-arabic, is procured. 

797. Order 36.—arpericacete, the Tutsan or St. John’s-wort Family. 
(Polypet. Hypog.) Sepals 4-5, separate or united, persistent, usually 
with glandnkr dots, unequal; aestivation imbricated. Petals 4-5, 
oblique, often with black dots; aestivation contorted. Stamens hypo- 
gynous, 00 , generally polyaddphous (fig. 315), very rarely 10, and 
monadelphous or distinct; filaments filiform; anthers bilooular, with 
longitudinal dehiscence; car[)els 2-5, united roimd a central or basal pla¬ 
centa; styles the same number as the carpels, usually separate; stigmas 
capitate or simple. Fruit either fleshy or capsular, multilocnlar, and 
muitivalvular, rarely unilocular. Sec^ usually 00, minute, anatropal, 
usually exidbuminous; embryo usually straight.—Herbaceous plants, 
shrubs or trees, with exstipulate entire leaves, which iire ustuiUy oppo¬ 
site and dotted. Flowers often yellow. They are distribute very 
generally over all parts of the globe, are found in elevated and low, 
dry and damp situations. They yield a resinous coloured juice which 
has piugative properties, and resembles gamboge. Lindley places 
Pamassia in this order. There are 15 known genera, and about 270 
species. Examples —^Hypericum,••Elodea, Vismia, Reaumuria. 

798. Order 37.— efuttiferie, or ciuiac<»e, the Gamboge Family. 
(Polypet. Hypog.) Sepals 2-6 or 8, usually persistent, round, fre¬ 
quently unequ^ and coloured; asstivation imbricated. Petals hypo- 
gynous, equal to, or a multiple of, the sepals. Stamens hypogynous, 
ukially 00, rarely definite, free or variously united at the base; fila¬ 
ments tmequal in length; anthers adnate, introrse or extrorse, some¬ 
time very small, occasionally unilocular, and sometimes with porous 
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or circumscissile dehiscence. Thalamus forming a fleshy, sometimes 
5-lobed disk. Ovary solitary, 1 or many-celled; ovnles either solitary 
and erect or ascending, or numerous and attached to central placentas; 
style 0 or very short; stigmas peltate or radiate. Fruit dry or fleshy, 

1 or many-celled, 1 or many-seeded, either with septicidal dehiscence 
or indeliiscent. Seeds definite, anatropal, or orthotropal, in a pulp, 
apterous and often arillate, with a thin and membranous spermoderm; 
albumen 0; embryo straight; cotyledons usually cohering.—^Trees or 
shrubs, sometimes parasitical, with exstipulate, opposite, coriaceous, 
entire leaves, liaving a strong midrib, and kteral veins running directly 
1o the margin. Flowers articulated with the peduncle, often unisexual 
by abortion. Tliey are natives of tropical regions, more especially of 
South America. Lindley enumerates 30 genera, including 150 sjiecies. 
Esoamples —Clusia, Gareinia, Cambogia, and Calophyllum. 

799. The plants of this order yield a resinous juice, which is acrid, 
purgative, and has a yellow colour. Gamboge is one of the most 
important products. There are two kinds of gamboge, one called 
8iam, and the other Ceylon Grunboge. The latter is the product of 
Cambojjia gutta or Ilebradendrmi gambogioides, and it is probable that 
the oilier, which is the only sort in commerce, and wliich is known by the 
names of Pipe, Lmnp, and Coarse Gamboge, is derived from the same 
som-ce. Another kind of gamboge, called Coorg or Wynaad Gam¬ 
boge, has been recently described by Cliristison. Gamboge is a power¬ 
ful irritant, and in large doses acts as a poison, causing inflammation 
of the luncons membrane. It is employed medicinally, as a drastic 
and hydragogue cathartic. It is an excdlent pigment. The resin of 
Tacatnahacais yielded by CakqihyUum Caluba. An oil is obtained firom 
the seeds of Calcgdiylhim inopliyllvm. Pentadesina hityracea is the 
Butter and Tallow-tree of Sierra Leone, so called on account of the 
sohd oil which is furnished by the firdt. Wlule an acrid resin is the 
product of most of the plants of the order, there are some parts in 
which the resin is either absent or elaborated in small quantity. Thus 
some of them produce fruits which are used as articles of diet. Gar- 
dnia Mangoatarm supplies the East Indian Mangosteen, which is said 
to be one of the finest known fhiits, being flUed witli a sweet and 
liighly-flavoured pulp. Manimea americaim gives a drupaceous fruit, 
called Mammce Apple, or Wild Apricot of ^uth America. Mesva 
JhT o. yields a hard and dmable timber, llie Clttdm are handsome 
trees, remarkable for the mode in which they send out adventitious 
roots. The fiaiit of Clusia flam, sometimes called Wild Mango, or 
Balsam-tree, yields a yeUow juice like gamboge. 

800. Order 38.—narcRraaviaeen, the Maregraavia Family. {Polypet. 
Hypog.^ Sepals 2-7, usually coriaceous and persistent; estivation 
inibricated. Corolla hypogynous, of 5 petals, or gamopetsdous, calyp- 
trifoim, entire or tom at Ae point. Stamens usually 00, very rarely 
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5, hypogynous; filaments dilated ai the base; anthers long, erect, 
introrse. Ovary single, unilocular; style 1; stigma often capitate. 
Fruit coriaceous, indehisoent, or dehiscing by valves in a locnlicidal 
tnanner, the placentas being parietal and forming spurious dissepiments. 
Seeds indefinite, minute, in a pulp, anatropal, ex^buminous; embryo 
straight.—Trees and shrubs, with alternate, simple, entire, coriaceous, 
and exstipulate leaves. Flowers ftimished occasionally with bracts, 
which are folded and united so fjs to form ascidia. They occur chiefly 
in the warmer parts of America. Their properties are scarcely known. 
There are 4 genera mentioned, and 26 species. Examples —^Marc- 
graavia, Norantea. 

801. Order 39.—BippocmteBceie, the HippocratcaFamily. {Poli/pet. 

Sepals 5, very small, tmited up to the middle, persistent, 
with an imbricated {estivation. Petals 5, with an imbricated ajstiva- 
tion. Stamens 3, monadelphous; the united filaments forming a tube 
or a disk-hke cup round the ovary; anthers with transverse dehiscence. 
Ovary firee, trilocular; style 1; stigmas 1-3. Fruit consisting either 
of 3 samaroid carpels, or fleshy and 1-3-celled. Seeds definite-, 
about 4 in each cell, attached to a central placenta, cxalbuminous, ana- 
tropal, with a straight embryo, and fliit somewhat fleshy cotyledons.— 
Arborescent or climbing shrubs, with opposite, shnple, somewhat coria¬ 
ceous leaves, having small deciduous stipules. They are found princi¬ 
pally in South America; a few are natives of Afincsv and the East Indies. 
The fimit of some is eatable. Lindley mentions 6 genera, comprehending 
86 species. Examples —Hippocratca, Salacia. 

802. Order 40.—Krnh*»*ytaccHs,theErythroxylonFamily. [Polifptt. 
Hypog.) Sepals 5, united at the base, periasteut; aestivation imbri¬ 
cated. Petals 5, hypogynous, broad and with a smsdl scale at the base, 
slightly contorted in KStivation. Stamens 10, monadelphous; anthers 
erect, bilocular, with longitudinal dehiscence. Ovary 3-celled, two of 
which are sometimes abortive; styles 3, distinct or united; stigmas 3; 
ovule single, pendulous. Fruit a 1-seeded drupe. Seed angular, 
anatropal; embryo in the axis of firm albmnen, rarely exalbuminous; 
cotyledons linear, fliat, and leafy.—Shrubs or trees with alternate stipu¬ 
late leaves. Flowers arising fi-om numerous, imbricated, scale-Uke 
bracts. Found chiefly in the West Indies and South America. The 
plants of the order have tonic, purgative, and narcotic qualities. The 
leaves Of ErgUiroxylon Coca are used in Peru as a stimulant like opium. 
Some yield a dye. There are 2 or 3 known genera, and about 80 
species. Examples —Erythroxylon, Sethia. 

803. Order 41.—naipiKhUieete. the Malpighia Family. [Polgpet. 
Hjfpog.) Sepals 5, slightly united, persistent, often glandular at the 
bw; SBStivation imbricated. Petals 5, imguiculato, with convolute 
fBStJVation. Stamens usually 10, often mon^elphous; anthers rotmd- 
isl^with a projeotingi'process from the connective (fig. 342). Ovary 
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formed by 3 (rarely 2 or 4) carpels, more or less combined; ovules 
solitary, with a long paid^ous cord; styles 3, distinct or united 
Fruit flry or Ueshy, sometimes winged (fig. 466). Seeds solitary, 
orthotropal, suspended, exalbuminous; embryo straight or curved in 
various ways; cotyledons foliaceous or thickish (fig. 506).—^Trees or 
shrubs, sometimes climbing, with shnple, opposite, or very rarely 
alternate, stipulate leaves, without dots. Hairs, when present, peltate. 
Flowers either perfect or imisexual. They are inhabitants of tropical 
countries chiefly, and a great nimiber of them are Ibund in South 
Ainericii. Lindley notices 42 genera, including 555 species. Exmn- 
■plea. —Malpighia, Banisteria, Hiptage, Uirsea, Graudichaudia. 

804. Some of the woody plants of this order exhibit an anomalous 
t<)rmation of the stem, from the absence of annular rings and medullfiy 
rays, and the peculiar mode in which the bark is produced. ITiis is 
shown in figs. 105, 108, and 109. Many of the plants are astringent. 
Some have stinging Liirs (fig. <S4). The fiuit of Malpghia glabra is 
called Barbadoes Cherry, and is used as an article of dessert. Nitraria 
is a genus doubtfully referred to this order. N. tridentata, found in 
the desert of Soussa, near Tunis, is said by some to be the true Lotus- 
treC of the ancient Lotophagi. 

H05. Order 42.—Acemcete, the Maple Family. (Poligiet Hypog.) 
Calyx divided into 5, rarely into 4 or 9 parts, with an imbricated testi- 
vation. Petals equal in number to the lobes of the calyx, with wliich 
tluy alternate, rarely wanting. Stamens genenilly 8, inserted on a 
hypogynous disk. Ovsiry free, 2-lobed, 2-celled; ovules in pairs; 
amphitropd, pendulous; style 1; stigm.os 2. Fruit, a samara (fig. 
4(1.5), coinposcfl of two winged caqiels, each 1-celled with 1-2 seeds. 
.Seeds erect, exalbuminous; embryo curved, with foliaceous cotyle¬ 
dons, and the radicle next tlie hilnm.—^Trecs with opposite, simple, 
lobed or palmate, exstipulate leaves. Flowers often polygamous. Ihey 
.'ire confined chiefly to the temperate parts of Europe, Asia, and North 
America. Tliey yield a saccharine sap, from which sugar is sometimes 
manufactured. Acer saccharimm is the Sugar Maple of Aimerica. 
A cer Pseudo-plafanits, the Syaunorc or Great Maple (the Plane-tree 
of Scotland), acts well as a shelter in exposed places, as near the sea. 
Its saji is slightly saccharine. Its wood is used in machinery and for 
oharcioal. The leaves are often covered with black spots, caused by 
the .ittack of a fungus, Xyloma or Hytisma acerinmn. There are 3 
known genera, and 60 species. Examples —^Acer, Negondo, Dobinea. 

806. Order 43.—Sapindaoefe, the Soapwort Family. {Polypet. Ily- 
pog). Sepals 4-5, distinct or cohering at the base; asstivation imbri¬ 
cated. Petals 4-5, occasionally absent, hypogynous, sometimes naked, 
sometimes with a glandular or scaly appendage inside; aestivation 
imbricated. Stamens usually 8-10, sometimes 5-6-7, very rarely 20; 
filaments free, or combined just at the base; anthers introrse. Thala- 
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irnjs forming a< flcsby or glandular disk, into which the stamens are 
often, inserted. Ovary trilocular, rarely hi- or quadri-locular; ovules 
anatropal, definite; style either undivided or 2-3-deft. Fruit either 
fleshy and indehiscent, nr samaroid, or capsular, and 2-3-valved; Seeds 
solitary, often • arillate, exalbuminous; embryo straight, curved, or 
spiral; cotyledons incumbent; radicle next the hilum—^Trees or 
shrubs, sometimes climbing herbaoeous plants, with alternate, some¬ 
times opposite, compound (fig. .176), rarely simple leaves, often marked 
with lines or pellucid dots. They are natives principally of South 
America and India. In’tMs Order are included the Hippocastaneee or 
Horse-chestnuts, which are distinguished by their opposite leaves, and 
their two ovules in each' oeU, one ascending, the other suspended (fig. 
4^). lindley ^ves 50 genera, induding 880 species. Examples — 
Sapindus, Pardlinia, Nephdium, Ailsculus, Pavia, Dodonaja, Meliosma. 

807. In this order are included many plants which yield edible 
fruits, and others which are poisonous. A saponaceous principle exists 
in certain spcdes. The fruit of Sapindus Sapottaria, imder the name 
of Soap-berries, is used as a substitute for soap in the West Indies. 
The Longan and litchi are excellent Chinese fiuits, the produce of 
Nqdislimi Lon^a/n and JSf. LitehL The kemd of tlie Longiin powdered, 
is sometimes made into paper. BUglda or Cvjtamn sapkln yidds the 
Akee fruit, the succulent arillus of which is used as food. Many of the 
PauUmias arc poisonous. From the seeds of Pa/ullima sorhiHs, how¬ 
ever, the Guiirana bread is prepared in Bnudl. This Guarana contains 
a bitter principle, identical with Caffeine. The bark of JEspulm 
HippocasUmvm^ Horse-chestnut, has been recommended as a febrifuge, 
and its seeds have been used as a substitute for coffee. The fmt 
and leaves of JEscfulm oldotensis, the Buck-eye or American Horse- 
chestnut, are said to be poisonous. PaiuXtmia pmnaia, and some other 
Sapindacea; of Brazil, e^dubit anomalous exogenous stems (fig. 106). 
Ophiocarynn paradoxum, is the Snake-nut-tree of Dcmerara, and is 
so called on account of the embryo resembling a coUed-up snake. 

808. Order 44.—Rbimboiaciw, the Souari-nut Family. (Polypet. 
Hypog.) Sepals 5, more or less combined; asstivation imbricated. 
Petals usually 5, unequal, thickish. Stamens indefinite, slightly 
monaddphous, arising from a hypogynous disk, in a double row, 
of which the inner is often aboitive; anthers roundish, with longitu¬ 
dinal dehiscence. Ovary 4-5-ceHed; ovules solitary, semi-anatropal; 
styles as many as the cells of the ovary; stigmas simple. Fruit formed 
of several indehisoent, l-ceUod, 1-seeded nuts, with a thick double 
endocarp. Seed reniform, exalbuminous, with the funiculus dilated 
into a spongy excrescence; embryo with a very large radicle, which 
ooirstitutes nearly the whole of the kernel; cotyledons small, lying in 
a furrow of the radicle (fig. 503).—^Trees with opposite, pahnately 
corapotmd, coriaceous, exstipulate leaves. They grow in the warm 
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forests of South America. Some of them furnish oil, others yidd 
edible nuts. Souari nuts are the produce of Gwryomr hutyromn 
{Pdiea btttyrosa). Lindley notices 2 genera, and 8 species. I^tr^ks 
—Caryocar, Anthodiscus. 

809. Order 45.—McUacefe, the Mella Family. {Polypet. Hypog.) 
Sepals 4-5, more or less united, with an imbricated aBstivation. Petds 
4-5, hypogynous, sometimes cohering at tiie base, with a valvate or 
imbricated asstivation. Stamens equd in .nmnber to the petals, or 2, 
3, or 4 times as many; filaments combined in a long tube; anthers 
sessile within the orifice of the tube. Disk often large and cup-shaped. 
Ovary single, multilocular, the cells often equal in numl^ to the 
petals; ovules usually anatropid, 1-2 in each cell; style 1; Stigmas 
distinct or united. Fruit baccate, drupaceous or capsular, multilqpu- 
lar, or by abortion unilocular, when valves are present opening by 
loculicidd dehiscence. Seeds not winged; albumen usually absent; 
embryo straight, with leafy cotyledons.—^'I'rees or shrubs, with alter¬ 
nate (occasionally opposite), exstipuLitu, simple, or pinnate leaves. 
They are chiefly fimnd in the tropical parts of America and Asia. 
Under this order, some include Humiriaccas, which are distinguished 
by a prolonged fleshy connective (fig. 341), albuminous seeds, and a 
slender embryo, xlrnott includes Cedrelacea) also under this order. 
There Jire about 40 known genera, and upwards of 160 species. 
ExdmpUe —Melia, Trichilia, Humirium, CancUa. 

810. The plants of this order possess bitter, tonic, and astringent 
qualities. Melia Azedaraohta is used in India as a febiituge, and its 
fruit yields an oil w'hich is employed for domestic piuposes, and as 
an antispasmodic. Oils are procured also from species of Trichilia 
and Carajta (fig. 507). The fruit called in the Indian Archijselago, 
Laugsat, is the produce of a species of Lansimn. A fragrant balsam, 
called Balsam of Umiri, is got from the trunk of Humirium fiorihundum. 
GamlJ/i alhu, the phmt which furnishes Cauclla bark, has been referred 
to this order, but great doubts exist as to the propriety of doic^ so. 
Bindley m^cs provisionally a separate order, CaneUacese, which .l*e 
places near Pittosimracca:. CancUa bark is hot and aromatic, and is 
used as a spice, and medicinaUy as a stimulant tonic. It was fo^erly 
confoimded with Winter’s bark, and the plant was called by lirgURiis, 
Wintorania CancUa, or spurious Winter’s bark. 

811. Order 46.—Cedreiuccfo, the Mahogany FamUy. {Polypet. 
Hypog.) Csdyx 4-5-cleft, with imbricated ajstivation. •Petals 4-5, 
with imbricated aestivation. Stamens 8-10, united below into a tube, 
sometimes distinct, inserted into a hypogynous annular disk; anthers 
bUocular, acuminated, with longitudmal dehiscence. Ovary usuaUy 
4 or 5-oeUed; ovules anatropi^ pendulous; style simple; stigma 
peltate. Fruit a capsule opening septifragaUy (figs. 450, 451). Seeds 
winged; albumen thin or 0; embryo straight, erect; cotyledons 
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fleshy—^Trees with alternate, pinnate, exstipulate leaves. They are 
found in the tropicjd parts of Annerica and Asia. Lindley enumerates 
9 genera, including 25 ^ecies. Examples —Cedrcla, Swietenia. 

812. The plants of this order are bitter, and have an aromatic fra¬ 
grance. Swietenia Mahagoni supplies the well-known mahogany wood. 
Its bark, as weE as that of Sogmidafdt-rifiiga, and of Gedrela febrijuga, 
are used for the cure of intennittents. Chloroxylm Swietenia pro¬ 
duces satin-wood, and also yields a kind of wood-oiL 

813. Order 47. —Am»eUdefc or viiaccra, the Vine Family. (Polgpet. 
Hgpog.) Calyx small, nearly entire (fig. 586 c). Petals 4-5, some¬ 
times cohering above (fig. 586 p), inserted outside an annular hypo- 
gynous disk (figs. 586, 587 g ); aestivation valvatc. Stamens 4-6, 
opposite to the petals (figs. 586, 587 e), inserted on the disk; filmnents 
fre^ or united at the base; anthers ovate, versatile (fig. 587). Ovary 
2-6-ceUed; ovules erect, anatropal (fig. 588 o); style 1, very short; 
stigma simple (588 s). Fruit pulpy and globular, not united to the 
calyx (fig. 589), sometimes 1-celled by abortion. Seeds 1 to 4 or 5, 


.'iSS 887 58« 



892 ,889 .891 Aim 


erect (590), with an osseous spermoderm, horny albumen (figs. 591, 
592 p\ and an erect embryo (fig. 591 e ).—Climbing shrubs, having the 


Fifes. —Organa of fructification of Vitis vinifera, to Illustrate the natural order^ 

Yitacece or Ampolidea:. 

Fig. 68&—Diagram of tlte flower, showfn^ 5 aepalt^ 5 petals, A sttmicns opposite the petals on 
accouut of the non-development one stominol row, a d^k, and the ovary. 

Fig. 586.—Flower showing the petals, p, detached at the hasc, and rcmalninff united alJove 
in a calyptra-like manner, c,-Calyx. Crla]}d8, forming a disk, f*, Stamens, ^e filaments of 
which omy are ^n. 

Fig. 687.—F}<mer after tlie petals have fallen. Clands of the di^ e, Stamens, witli 
versatile anthers, p. Pistil. 

586.—Yerticed section of the flower, c, Calyx, p, Petals, e, Filaments, o, Ovary, 
' with 2 ceils and their erect anatropal ovules, s, Stigma. 

Fig. 689.—Globular pulpy fruit, uva, or grape, dUrering from a beny, in the calyx not forming 
part of the pericarp. It is by some called numflanium. 

Fig. 690l— Ihe seed of tlie grape, with its osseous spermoderm enclosing a hard peris{>enn. 

Fig. fiSL'^Tlie seed cut verlmally. t, The integument or f^rmoderm. p, PeriBpmm, or 
albumen, whtdi hi homy. e. £mct embryo, with lanceolate cotyiedona 

Fig. 693.—Horizontal section of the seed of the grape, about the middle, Integument or 
spermodenfl. p, Ferlspenu or albumen. 
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lowcjr leaves opposite, the upper ones alternate (fig. 221). Flowers ia 
racemes, which are often opposite the leaves; floi^ pedimcles some¬ 
times becoming cirrhose. They inhabit the milder as well as the 
hotter parts of both hemispheres, and abound in the West Indies. 
There are 7 genera and 260 qaecies. Examples —Vitis, Cissus, Leea. 

814. Tlie plants of this order have gener^y acid leaves, and their 
IHiit, when ripe, is saccharine. Vitis vinifera, the (Jrape Vine, be¬ 
longs to this order. It is said to be a native of the shores of the 
Caspian, whence it was imported into Europe. • The unripe fruit con¬ 
tains a harsh acid juice, called verjuice. It contains free citric, 
malic, and tartaric acids, along with bitartrate of potass. As grapes 
ripen, sugar, cjilled Grape-sugar, is formed at the expense of the acids 
(4 304). The Vessels of the Vine arc large (fig. 61), and the sap passes 
through them with great force and rapidity. Wien cut in spring 
the plant bleeds freely. 

815. Order 48.—Gerauiaccic, tlic Crancsbill Fsuruly. (Polypet. 
Hfljmg.') Sepals 5, persistent, more or less unequal (figs. 307, 347 c c), 
one sometimes spurre^ at the base; asstivation imbricated. Petals 6 
(or by abortion 4), uilguiculate, with contorted aestivation (figs. 307, 
347 p p). Stamens monadelphous, hy[)ogynous (figs. 307, 347 c), 
twice or thrice as many as the petals, some occasionally abortive. 
Ovary of 5 carpels, placed round an elongated axis (fig. 307 t); ovules 
pendulous, solitary; styles 5, cohering round the iixis (fig.^07 o). 
Emit tbmied of 5 one-seeded coccoons, terminated each by an indu¬ 
rated style, wliich curls upwards, carrying tlie coccus or pericarji 
irith it (fig. 455). Setids exalbnminous, solitary, with a curved folded 
(aiibryo, tuid leafy, convolute, and plaited cotyledons (fig. 511).—^Ilerbs 
or shrubs with simple, stipuLate leaves, wliich are ciflier opposite, or 
alfeniate witli pedtmolcs opposite to them. They are.distributed over 
various piii-ts of the world. Tlie species of Pdargbnium abound at 
the Cape of Good Hope. Liudley mentions 4 genera, including, after 
separating hybrids, about 500 species. Examples —Geranium, Pelar¬ 
gonium. 

816. The name Crancsbill is derived from the long beak-like pro¬ 
longation of the axis," or what is called the carpophore (f 437). Tlie 
plfints of this order arc a.stringont and aromatic. The tuberous or 
monilLform roots of some, such as Pelargonium triste (fig. 123), are 
eatable. Tlie species of Pelargonimn are remarkable for the beauty 
of their flowers. By the art of the gardener, and by hybridisiation, 
many fine varieties of Pelargonium have been produced. 

817. Order 49.—i.iiiiU!C!n!, the Flax Family. (Polypet. Hypog.) 
8epab 3, 4, or 5, persistent, with' an imbricated sestivation. Petals 
3, 4, or 5, fugitive, unguiculatc, hypogynou% with a twisted aistiva- 
tion. Stamens equal to the petals and alternate with them (with 
intermediate teeth or abortive stamens), arising from a hypogynous 

2 c 
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annular disk; anthers ovate, erect. Ovary with as many cells and 
styles as sepals, seldom fewer; stigmas capitate; ovules anatropal, 
pendulous. Eniit a multQocular capsule, pointed generally with the 
indurated base of the styles; each loculament or cell more or less 
• completely divided by a spurious dissepiment, arising from the dorsal 
suture, and opening by two valves at the apex. Seeds solitary in each 
spurious cell, comprcs.sed, pendulous; albumen usually in small 
quantity, sometimes 0; embryo straight; cotyledons flat; radicle next 
the hilum.—^Annual and perennial plants, with cxstipulate, simple, 
entire leaves, which are usually alternate. They are scattered over the 
globe, but are said to be most abundant in Europe, and in tlie north 
of Africa. By some authors the order is associated with Geraniacca;, 
from which it differs in its unbeaked fruit and exsitipulate leaves, as 
well as the absence of joints in tlie stem. There are 3 generst men¬ 
tioned by Lindley, comprising 90 species. Examples —^Linum, Radiola. 

818. Tlje plants yield mucilage and fibre. Fla.x, which consists of 
woody fibre (fig. 44), is procured from the inner bark of the stalk of 
Linum mitatksimum, by the process of steeping and stripping off the 
bark. Linen and cambric are prepared from it The flax plant is 
supposed to have been originally a native of Eg 3 rpt, and mummy 
cloth has been shown to be formed of linen. The integument of the 
seeds is mucilaginous, and an infusion of them in boiling water is used 
as a demulcent and diuretic. The cotyledons of the seeds are olea¬ 
ginous, and by expression yield linseed oil, which has the property 
of drying and hfudening into an elastic varnish, on exposure to the 
air. It is used medicinally for bums mixed with lime water. After 
expressing the oil a cake remains, called oil-cake, which is used for 
&ttening cattle. The powdered cake receives the name of Linseed 
meal, and is commonly used for poultices. Another species of Linum, 
called L. calliarticum, has purgative properties, which seem to depend 
on the presence of an acrid bitter matter, called Linin. 

819. Order 50.— Balsaminacete, the Balsam Family. (Poli/pet. 
Hffjwgi) Sepals 5, irregular, deciduous, the two inner and upper 
connate, coloured, the lower (odd) sepal spurred (fig. 541); estiva¬ 
tion imbricated. Pebils alternate with the sepals, usually 4, in conse¬ 
quence of 1 being abortive, often more or less irregularly united; 
estivation convolute. Stamens 5. Ovary 5-celled; ovules usually 
numerous; stigma sessile, more -or less 5-lobed. Fruit a 5-celled 
capsule, opening septifragally, by 5 elastic valves. Seeds usually 
numerous, suspended, exalbuminous, with a straight embryo, and 
radidc next the hUum.—Succulent herbaceous pWts with watery 

^ jtuce, having simple, opposite, or alternate, exstipuhite leaves, and 
^xHlary irregular floweBx They inhabit chiefly the East Indies, and 
ivare remarkable for the force with which the seed-vessels open when 
ripe. The valves give way on account of the exosmose whidi goes on 
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in the cells, and they then curl up in a peculiar manner (IT 27, 606). 
They have usually showy flowers, but their properties are unimportant. 
Lindley mentions 3 genera, including 110 species. Examples —^Im- 
patiens, Hydrocera. 

820. Order 51.— Oxalidaoete, the Wood-sorrel Family. [Pohjpet. 
Hiipog.) Sepals 5, equal, sometimes cohering slightly at the base, 
I)ersistent, imbricjite in aestivation. Petals 5, equal, imguicalate, 
hypoCTuous, with a twisted ajstivation. Stamens 10, more or less 
inonadelphous, in 2 rows; those opposite the petals being longer than 
those in the outer row; anthers erect, bilocular. Ovary usually quin- 
(juelocular; styles filiform, distinct; stigmas capitate or slightly bifid. 
Fruit capsular, membranous or fleshy, usmiUy 5-cdled, and when 
dehiscent 5-10 valved. Seeds few, anatropal, albiuninous, attadied 
to a central placenta, sometimes with a peculiar elastic integument; 
embryo straight, !is long as the fleshy albumen, with a long radicle and 
leafy cotyledons.—Herbs, underslirulw, or trees, with alternate, rarely 
opposite compound (occasionally simple) leaves, which are generally 
without stipules. They are found in the hot as wcU as the temperate 
liaits of the world, and are abundant in North iVmeriea and at the 
Cape of Good Hope. In some cases phyllodia, or winged petioles, 
occupy the place of leaves. There are about 6 known genera, and 
upwards of 320 species. Exampha —OxaEs, Aveirhoa, Hugonia. 

321. Hiey !irc often acid in tiieir properties. Some of them yield 
esculent rods. Oxalis AcetoseWt, common Wood-sorrel, receives its 
name lirom its acid taste. It couttiins binoxalate of potash, which is 
sometimes called tlie siill of son-el, and at other times the essential salt 
of lemons. Tlie plant has been used as a nfrigerimt and antiscorbutic. 
Its leaves arc trilidiate, and some have considered it to be the true 
Slaunrock, in consequence of being hi flower about the period of the 
year when St. I’atrick’s day occurs. Some of the oxalises, as O. sensi- 
tmi, have sensitive leaves, and experiments have been made in regard 
to their closing and opening by Morreu (K Q60). Oxalis crenata, 
(’saiknUi, and Deppei, yield tubers, which have been u.sed as a substi¬ 
tute for potatoe.s. The acid thiit of Aveirhoa BilimUimA Canimhola is 
used in tlie East Indies as food. 

822. Order- 52.— Tropieolaccte, the Indian Cross Family. (Pohfpet. 
JTypoij.) Sepals usually five, the upper spurred (fig. 275); aistivation 
sligiitly imbricate. Petals often 5, liypogynous, more or less unequal, 
sometimes abortive (fig. 542); aistivation convolute. Stamens 8 or 10, 
seldom fewer, free, almost perigynous; anthins hflocuLar, innate. Ovary 
triquetrous, composed of 3-5 carpels, with a single style, and 3-5 
acute stigmas; o-vules solitary, often pendulous. Fruit indehiscent, 
usually composed of 3 pieces. Seeds exalbuminous, with a large em- 
b^o, which has thick, often united, cotyledons, and a radicle next the 
hiliun.—^Herbaceous trailing or twining plants, having a delicate tex- 
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ture, with altemate exstipiilate leaves, and axillary, often gay, flowers. 
They are natives of the temperate parts of America, and are exten- 
sivdy cultivated on accoimt of their showy yellow, orange, scarlet, 
and occasionally blue flowers. They have more or loss pungency in 
their fruit, which is used as a cress. The unripe fruit of Tropwolnm 
mentis, common Indian Cress, lias been pickled and used as capers. 
Their roots are sometimes eaten. Lindley includes Limnanthese in diis 
order, and enumerates 6 genera, incluihng 44 species. Example — 
Tropeeolum. 

823. Order 53.—^Pittosporaci»e, the Pittosporum Family. (Pohqtet. 
Hypog.) Sepals 4 or 5, deciduous, distinct or partially united; aestiva¬ 
tion imbricated. Petals 4 or 5, sometimes slightly cohering, with 
imbricated asstivation. Stamens 5, distinct, alternate with the petals. 
Ovary single, 2-5-celled; style 1; .stigmas 2-5, equal in number to 
the placentas. Fruit capsular or berried, with many-seeded eeU-s, 
which are sometimes incomplete; dehiscence loculicidal. Seeds often 
enveloped in a glutinous or resinous pulp, anatropal, with a minute 
embryo lying in fleshy albumen; radicle long; cotyledons very short. 
—^'frees or slirubs, with simple, altemate, exstipuhite leaves and 
flowers occasionally polygamous. They are found chiefly in Austra¬ 
lasia. Many of them are resinous, and, in some instances, the berries 
are eaten. Lindley mentions 12 genera, including 78 species. Exam¬ 
ples —^Pittosporum, BiUardierir, SoUyu 

824. Order 54.—Bnscincca!, the Brexia Family. {Polypet. Hi/jxiff.) 
Calyx small, persistent, of 5 coherent sepals, with an imbricated esti¬ 
vation. Petals 5, with twisted estivation. Stamens 5, sdtemate with 
the petals, arising from a narrow cup or disk, which is tootlusd between 
each stamen; anthers bilocular, erect, opening longitudinally and in- 
trorsely. Ovary 5-collcd; ovules numerous, in 2 rows; placeubis 
central; style 1; stigma simple. Fruit dmpaccous, 5-cclled, many- 
seeded. Seedshaviug two distinct coverings, anatropal; embryo straight; 
radicle cyhndrieal; cotyledons ovate, obtuse.—^Trees with coriaceous, 
alternate leaves, liaving small deciduous stipules. They exist princi¬ 
pally in Madagascar. Lindley associates some perigynous genera with 
Brexia, and places the order near Saxifragacea?. He enmnerates 4 
genera, induing G species. Example —^Brexia. 

825. Order 55.—Zr^ophrUacew, tlie Guaiacum Family. (Polypet. 
Ht/pog.') Calyx 4-5-parted, witR convolute asstiv.'itioiu Petals alter¬ 
nate with the calycine segments, with imbricated a-stivation. Stamens 
twice as many as the petals; filaments dilated at the base, usually 
arising from scales (fig. 313). Ovary simple, 4-5-ceUed; divisions 
occasionally formed by spurious dissepiments (figs. 438, 439). Ovules 
2 or more in each cell, usually pendulous; style simple, 4-5-furrowcd; 
stigma simple, or 4-5-lobed. Fruit capsular, or rardy flesliy, with 
4-5 angles or wings, 4-5-valved, either opening by loculicidal dchis- 
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wnce, or indchiscent. Seeds few, usually with wliitish albumen, 
sometimes cxalbuminous; embryo green, with foliaceous cotyledons, 
find a superior radicle.—Herbs, shrubs, or trees, with opposite, stipu¬ 
late, usu^y compound leaves, which are not dotted, and hermaphrodite 
1 lowers. They occur in various parts of the world, chiefly in warm 
extra-tropical regions, as in the south of Europe, America, Africa, 
and India The order has been divided into two sections:—1. Zygo- 
jhyllcsB, having albuminous seeds. 2. Tribulcas, having exalbuminous 
seeds. Lindlcy mentions 7 genera, comprising 100 species. Emunphs 
—Zygophyllum, Guaiacum, TribuJus. 

820. Some of the plants abound in a stimulant resin, which pervades 
the wood and bai'k; others are bitter find acrid. The medicinal species 
ju-e used as sudorifics. Zygophyllmn Ftthngo is called the Bean-caper, 
on iiccormt of its flowers being used as a substitute for capers. The 
pl.ant is said to act as ii vermifuge. Guaiacum officinale is a beautiful 
West Indiiui tree, the wood of which, commonly called lignum-vitaj, 
is prized for its hardness. The albitmum is of a greyish-ycUow colour, 
while the diu'amen is greenish-black. The fibres of the wood are 
remOTkiible for their direction, being cross-grained, in consequence of 
one layer crossing .'mother diagonally. It yields a resinous matter 
known as the resin of Guaifie, or Gmn-guaiac. Tliis resin exudes 
.sponlfineously, or it may be procured by incisions, or by the applica¬ 
tion of heat. A solution of the resin in alcohol, when applied to the 
fresh cut smface of a potato, gives rise to a blue colour. Both the 
wood and tlie resin are used mcdicinidly on account of their stimulant 
driphorelie properties. In decoction and tincture they ai-e adminis¬ 
tered in cutaneous and sjqrhilitic diseases. Guaiacum sanctum from 
Mexico has similar jiroperties, find is sometimes used medicinally on 
tlie continent. 

827. Order 56. —Kninccro, the Hue Family. (Polypet. Hyptog.') 
See figs. 532, 538. Calyx having 4-5 segments, with an imbricated 
restivatiou. Petals alternate with the divisions of the cidyx, distinct, 
or cohering below into a spurious gamopetalous corolla, rarely want¬ 
ing; asstivation either contorted or valvate. Stamens equal in number 
to the petals, or twice or thrice as many (rarely fewer by abortion or 
non-development) (fig. 534), usually hypogynous, but in some insteuices 
jierigynous. Between the sfeimens and ovary there is a more or less 
complete cup-shaped disk, wluch isi cither free or united to the calyx. 
Ovary sessile or supported on agynophore (fig. 382), its carpels equal 
to the petals in munber or fewer; ovules 2, rarely 4 or fewer in eadi 
carpel; styles adherent above (fig. 382); stigma simple or dilated. 
Fruit capsular, its parts either combined completely or partially; seeds 
sohtary or in pairs, albuminous or exalbuminous; embryo with a 
superior radicle.—^Trees or shrubs, with exstipulatc, opposite or 
alternate leaves, usually covered with pellucid resinous dots (figs. 87, 
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89), and liermaplirodite flowers. The order has been subdivided into 
two suborders:—1. Rutess, with albuminous seeds, and the fruit with 
sarcocarp and endocarp combined. 2. Diosmcse, with exalbuminous 
seeds, am a 2-valved endocarp, which dehisces at the base, and wlien 
the fruit is ripe separates from a 2-valved sarcocarp. Rutea; arc 
found chiefly in the southern part of tlie temperate zone, as in the 
south of Emope, while Diosmese abound at the Cape of Good Hope, 
and in New Holland. Lindley mentions 48 genera, and 400 species. 
Examples —Ruta, Dictamnus, Diosina, Barosma, Correa, Borouia. 

828. The plants are remarkable for their peculiar odoiu, which is 
very powerful and penetrating. Many have antispasmodic properties, 
while others arc bitter and act as febrifuges .and tonics. The leaves 
and unripe fruit of Ihtta, graveohm, common or garden Rue, are used 
in medicine as stimulants, antispasmodics, anthelmintics, and einniena- 
gogues. They emit when bruised a strong and peculiar oppressive 
odour, and have a bitter and acrid taste. By dis^ation with water, 
they yield a yellow acrid volatile oil, which is their active constituent. 
The leaves of various species of Barosma, especially B. cremtUt or 
crenvlata, and serralifoUa, are used in medicine imder the name of 
Bucku or Buchu. They contaiu .a yellowish volatile oU, having a 
powerful odour, and they have been used as stinndant and antispas¬ 
modic. They are prescribed in cases of irritation and catarrh of the 
bladder in the form of infusion and tincture. Galipea v/ficinalis, a 
plant found in Columbian Guiana, supplies the Angustura bark, which 
is used as a tonic and febrifuge. It is probable that Galipea Cmparia, 
sometimes called Bonplandia irifoUata, also furnishes a variety of An¬ 
gustura bark. On the continent, Angustura bark is sometimes 
adulterated with the poisonous bark of Stryclmos Nux-vomica. Some 
of the species of DicUimmus, such as T>. FnudneUa, EaLse Dittany, 
abound in volatile oil to such a degree that the atmosphere around 
them becomes inflammable in hot, dry, and calm weather. 'Ilie 
Correas are remarkable for their gamopetidous corolki. Tlie leaves of 
some of the species have been used for tea in New Holland. 

829. Order 57.—XiuttboxTiBceie or KantiioxrinceH!, the Xanthoxy- 
lon Family. {Fohfpet Hypog.) Flowers unisexual. Calyx in 3,4, or 5 
segments, with imbricated scstivation. Petals the same nimiber, rarely 
0, usually larger than the calyx; sestivation imbricated or convolute. 
Stamens as many or twice as many as the petals, not developed in 
the female flowers. Ovary consisting of as many carpels as there 
are petals (sometimes fewer), the-carpels being cither completely or 
partially united (fig. 380): ovules 2, rarely 4, in each carpel; styles 
more or less combined (fig. 380 s). Fruit baccate or membranous, 
’Sometimes of 2-5 cells, sometimes of several drupes, or 2-vaived 
rcapsnles, of which the fleshy sarcocarp is partly separable from the 
endocarp. Seeds solitary or in pairs, pendulous; embryo lying 
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■within fleshy albumen; radicle superior; cotyledons ovate, flat.— 
Trees or shrubs, ■with exstipulate alternate or opposite leaves, having 
pellucid dots. They exist chiefly in llie tropical parts of America. 
Lindley enumerates 20 genera, including 110 species. 

830. The plants yield a volatile oil which is aromatic and pungent. 
Some arc diaphoretic in llieir properties, others are febriftigal and 
tonic. The pungency of species of Xantlujxylon, has caused them 
sometimes to be denominated peppers. Xanthoxylon fraxirmtm, or 
])rickiy a.sh, acts as a sialagoguc. X. caribanmi, lias a bitter and febri¬ 
fugal bark. Tlie bitter principle secreted by many of the plants of 
this order is called Xaiithopicrine. 

831. Order 58.— Mimarubaceic, the Quassia and Simaruba Family. 
{Polypet. Hypog.) Flowers usually hennaphrodite. Calyx in 4 or 5 
divisions; (estivation imbricated. Petals 4 or 5, spreading or connivent 
into a kind of tube; ajstivation twisted. Stainims twice as many as 
the petals; iilaments arising li-oiii scales. Ovary 4-5-lobed, 4-5-celled, 
supported on a gynophore; ovules solitiuy; style simple; stigma 
l-.l-lobed. Fruit indeliiscent, consisting of 4 or 5 drupes arranged 
round a common receptacle. Seeds anatropal, jiendulous; embiyo 
exalbuiniuous.—^^I'rees or shrubs, with exstipuhite, alternate, usually 
compound leaves, -witliout dots. They are found in the tropical parts 
of America, Asia, and Afi-ica. Lindley gives 10 genera, and 35 
spee.ies. Pxiimples —Sunaruba, Quas.sia, Piersena. 

832. AH the plants of the, order are intensely bitter. Quasaa wood 
was originally the product of QumKui amara, a tall shrub, never above 
15 feet in height, inhabiting iSurinam, Guiana, and Colombia. It is a 
very ornamental jilant, and lias remarkable pinnate leaves, with 
winged petioles. In their early state, ihe leaves seem to be simple, 
but in the progress ol' growth two or more contractions take place, at 
each of which two leaflets ajipear, the pairs being separated by a 
winged midrib,—a continuation of the petiole. This Surinam Quassia 
does not appear to be exported now, and it is not met with in English 
trade. A thriiring specimen was recently sent to the Edinburgh Bota^c 
Garden by Professor Syme. 'Hie Quassia of the shops is the wood of 
Simaruba or Picrama excelsa, a very large fornst tree, attaiiiiug a height 
of nearly 100 feet, growing in Jamaica and otlicr West Indian islands, 
where it is called Bitter Ash, and Bitter Wood. Quassia is used 
medicinally, in the form of infusion and tinctoc, as a tonic and anthel¬ 
mintic. It acts as a narcotic poison on flies and other insects. Al¬ 
though proliibited by law, it is frequently employed by brewers as a 
substitute for hops. Hie bitterness of Quassia is said to be owing to 
a crystalline principle called Quassin. The bark of the root of Siim- 
ruba amara or officinalis, a tree found in Cayenne and in the West 
Indies, is used as a bitter tonic and astringent, more especially in the 
advanced stages of diarrhasa and dysentery. Brucea onMysenterica 
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was at one time erroneously supposed to furnish false Angustura bark. 
It has properties similar to those of Quassia. Malombo bark is pro¬ 
bably yielded by a species of Quassia. 

833. Order 59.—Ochnaccte, the Ochna Family. {Polypet. Hypog.') 
Sepals 5, persistent, imbricated in ajstivation. Petals equal to, or 
twice as many as the sepals, deciduous, spreading, imbricated in aisti- 
vation. Stamens 5, opposite the sepals, or 10, or indefinite; filaments 
persistent, attached to a hypogynous disk; antliers bilocular, innate, 
opening by pores, or longitudinally. Carpels as many as the petals, 
seated on an enlarged gynobase (thecaphore); ovule erect or pendu¬ 
lous, styles rmited into one. Fimt gynobasic, consisting of sev'cral 
succulent indchiseent, monospermous carpels. Seeds anatropal, usually 
estalbuminous; embryo straight; radicle short f ootyledons thick.— 
Undershrubs or trees, with alternate, simple, stipulate leaves, and 
pedicels articulated in the middle. Tliey grow in tropical countries, 
and are remarkable for the large succulent prolongation of the recep¬ 
tacle to which the carpels are attached. They are generally bitter, 
and some of them are used as tonics. lindlcy enumerates (i genera, 
comprehending 82 species. Examples —Ochna, Gomjhia, Gastela. 

834. Order 60.—CoriariaceFc, tlio Coriarui Family. (Pnlypet. 
Hypog.') Flowers xmisexuaL Calyx campanulato, 5-parted; a:stiva- 
tion imbricate. Petals alternate with the calycinc segments, very 
small, fleshy, with a keel on the internal surface. Sfeimens 10 (fig. 
537); filaments filiform, distinct; anthers ditiiecal, oblong. Ovary 
composed usually of 5 carpels, attached to a thickened receptacle or 
gynobase, 5-celled; ovules soUtaiy, pendulous; style 0; stigmas 5, 
long and glandular. Fruit, consisting of five, monofq)ermous, inde- 
hiscent, orustaceous carpels, enclosed by tlie enlarged pctalfs. Seeds 
pendulous, anatropal, exalbuminous; embryo nearly straight; cotyle¬ 
dons fleshy; radicle short and blunt.—Shrubs with opposite square 
branches, opposite, simple, ribbed leaves, and scaly buds. They are 
found in small numbers in the south of Europe, South America, India, 
and New Zealand. Some of them are poisonous. The leaves of 
Coriaria myrtifolia have been employed to adulterate Alexandrian 
Senna on . the continent. The leaves are known from those of true 

, Senna by being 3-ribbed. The leaves are used for dyeing black, and 

jm infufflon of tiiem gives a dark-blue with sulphate of iron. Lindley 
mentions the genus Coriaria onljf as belonging to this Family, th«! 
position of which he considers as doubtful. There are 8 species of the 
genus. Example —Coriaria. 

Subclass n.—CAnycn.’LoinB. 

, 835. In this division are included the Polypetalous orders of Jussieu, 

in which the stamens are not hypogynous, as well as some diclinous 
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orders. A calyx and corolla axe present, in other words, the plants 
an; Dichlamydeous; the petals are distinct and the stamens are attached 
to the calyx,—^being thus more or less Perigynous. This subclass, 
along %vitli Tlialamiflorffi, comprises the Dialypetala; of Endlicher. It 
has bc(;n already stated that l)e Candolle included in this division 
gamopetiilous plants, in which the ovary is inferior. 

836. Order 61.—sfuckiionriacetc, the Stackhousia Family. (Poly- 
peUil. Vervjifu?) Calyx 5-cleft, equal with an uiflated tube. Pe¬ 
tals 5, equal, inserted at the top of tlie tube of the calyx, claws of 
the petids united, limb narrow and stellate. Stamens 5, imequal, 
attacJied to the tube of the csdyx. Ovaiy superior, 3-5-cclled, cells 
partuilly distinct: ovules solitary, ei’ect; styles 3-5, sometimes united 
at the base; stigmas simple. Fruit consisting of 3-5 indehiscent 
pieces, which are sometimes winged, and arc attached to a central 
])ersisteut column. Seeds anatropal; embryo long, erect, in the axis 
of flashy albumen.—Shrubs with simple, entire, idteruate, stipulate 
leaves, found in New Holland, and not possessing any marked pro¬ 
perties. Lindley notices 2 genera, and 10 species. Example — 
Stiickhousia. 

837. Order 62.—CebMiracm!, the Spindle-tree Family. {PoJypet. 
Ferigyn.) Scjiids 4-5, imbricated in aistivation. Petals 4-5, with a 
broad Iwuse, and an imbricated activation, nirely wanting. Stamens 
.•dternate with the petals; anthers erect. Disk hurge, flat, and expanded, 
suiTounding the ovary to which it aillieres. Ovary superior, 2-5- 
<;eUod ; ovules ascending, one or numerous, attached to the axis by a 
short fmiicidus. Fruit cither a. 2-5-celled capsule, with locuhcidal 
dehiscence, or drupaceous. Seeds one or many in each cell, anatropal, 
usually ascending, and sometimes arillate (figs. 481, 482); albumen 
fleshy; embryo straight, with flat cotyledons and a short radicle.— 
Small trees or shrubs, with simple, alternate, rarely opposite leaves, 
and small deciduous stipules. They inhabit tlie warm part s of Europe, 
North America, and Asia, and many are found at the Cape of Good 
Hope. The order contains 24 known genera, and 260 si^ecies. It 
hiis been divided into two tribes:—1. Euonymea;, with capsular fruit. 
2. Elawdendrese, with drupaceous fiaiit. Examples —Celastnw, Eu- 
onyntus, Ekiodendron. 

838. Tlie plants of the order liave subacrid properties, and the; 
seeds of some yield a usefiil oil. Borne of the species of Cekmtrm, as 
C. venmatus, are reckoned poisonous. The seeds of Emnyrtms, Spindle- 
tree, are surrounded by an aril, or rather arUlode, whi,ch is considered 
as a prolongation from the exostome (figs. 481, 482). In some of 
the species 3ie capsules are crimson, and with, the bright scarlet aril- 
lodes, they present a very showy appearance when the fimit is ripe. 
The bark of Emnymus lingens furnishes a yellow dye. The young 
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shoots of Euonymus em'opcms, when charred, are used to form a parti¬ 
cular kind of drawing pencil; its fruit and inner bark are said to be 
purgative and emetic. 

839. Order 63.—Miaphriea^eie. the Bladder-nut Family. {Polypet. 
Perigyn.) (Fig. 539.) Sepals 5, united at the bsisc, coloured, imbri¬ 
cated in estivation. Petals 5, alternate, with an imbricated estivation. 
Stamens 5, alternate with the pebds. Disk large and urceolate. 
Ovary 2-3-celled, superior; o\t.i1cs usually ascending; styles 2-3, 
Cohering at tlie base. Fruit membranous or fleshy, indehiseent or 
opening internally, often partly abortive. Seeds anatropal, roundish, 
truncate at the hUum, with a bony testa; albumeu generally 0; 
embryo straight, with thick cotyledons and a smiiU inferior riidiclc.— 
Shrubs, with opposite, pinnate leaves, having stipules and stipels 
(K 161). By many authors they are included under the last oi^er^ 
The plants are irregularly scattered over the globe, mid are found in 
Europe, America, and Asia. Some of them appear to be subacrid, 
while others are bitter and astiingent. The species of St^iphyleu receive 
the name of Bladder-nut, on account of their inflated bladder-like 
pericarp. Tliey are cultivated as handsome shnibs. 'llirec known 
genera are enumerated, and 14 species. Emmple —Staphylea. 

840. Order 64.—Rhamnacece, the Buckthorn Family {Polypet. 
Perigipi.)- Calyx 4-5-cleft, valvatc in estivation. Petals distinct, 
hooded or convolute, inserted into the throat of the calyx, sometimes 
0. Stamens definite, opposite the petals. Disk large, fleshy, flat or 
urceolate. Ovary superior or half superior, 2-3 or 4-ceUed; oniles 
solitary, erect, anatropaL Fruit fleshy and indehiseent, or dry and 
separating into tliree parts. Seeds erect; alburacii fleshy, rarely 0; 
embryo about as long as the seed, with a short inferior radicle, and 
large flat cotyledons.—^'I’rees or shrubs, often spiny, with simple, alter¬ 
nate, rarely opposite leaves, and minute stipules. They are generally 
distributed over the globe, and arc found both in ternperate and tropi¬ 
cal regions. There arc 42 genera, and 250 species enumerated. 
Excanples —Ehamnus, Ceanothus, Phylica, Pomaderris. 

841. Many of the plants of the order have active c;itha.rtic proper¬ 
ties. Some, however, yield edible fruit, and others are tonic and 
febrifugal Ehamnus cathartiem, common or purging Buckthorn, is a 
European shrub, the black succulent fruite or berries of which are 
used as a hydragogue cathartic in cases of dropsy. The greenish 
juice becomes gradually red by the formation of acetic acid in it. It 
may be preserved unchanged in the form of syrup. Wlien mixed 
with lime and evaporated to dryness, it forms the colour called sap- 
green. The fruit of Ehamims Frcmgula, Black Alder, is emetic and 
purgative. The berries of liJiamnm mfectorius, as well as those of other 
species, arc known by the name of French berries. They have been 
used for dyeing yelfow. The fruit of many species of Zizyphus is 
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used for food; Zuypkus Jujvba supplies the fruit called Jujube; and 
the Lotus, or Lote-bush of the classics, whence the Lotophagi were 
named, is Zizyphus Lotus. A kind of Sciude lac is found on Zizyphus 
.fujuba. Paliuns aeuleatm, Christ’s-thorn, is common in the hedges 
of Judaea. Ceanothm Amsrimnus is used in America as an astiingent, 
and its leaves, under the name of New Jersey Tea, have been used 
as a substitute for Tea The leaves of Segeretki Uimzans axe iised for 
the same pTn:posc by the poorer classes in China 

842. Order 65.—^Aimcardinccic, the Cashew-nut Family. {Polypet. 
Periffijn.) Flowers usually unisexual Calyx usually small and per¬ 
sistent, with 5, or sometimes 3-4-7 divisions. Petals equal in number 
to the calycine divisions, perigynous, sometimes 0; imbricated in- 
ajstivation. Stamens cither equfd to the pefeds in number .and alter¬ 
nate ^wth them, or twice as nmny or more; filaments distinct or 
cohermg at the base, usually perigynous. Disk fleshy, annidar or 
cup-shaped, sometimes inconspicuous. Ovsny single, rarely 5 or 6, 
free or adliering to the calyx, l-celled; ovide solitary, attached by a 
funiculus to the bottom, or along the side of the, cell; styles 1-3, 
occasionally 4; stigmas 1-3 or 4. Fruit usmdly drupaceous and 
indehiscent. Seed ascending or frequently j)endvdous, from the ad¬ 
herence of the funiculus to the angle of the ceU, ex.dbuminous; 
radicle inferior or superior, sometimes curved suddenly back; cotyle¬ 
dons thick, fleshy, or leafy.—'IVces or shnibs, with a resinous, oflen 
cixustic juice, and alternate leaves without dots. Hie order is a sub¬ 
division of the TerebintliacesB of Jussieu. Tlie plants inhabit chiefly 
the tropical p.Txts of Amcricji, Africa, and India; some, however, are 
found in Europe. There arc 41 known gencr.i, and 95 species. 
Exampks —^Anacardium, lihus, Mangifera, Spondias. 

843. The order is characterized by the presence of an acrid resinous 
juice. In some cases, however, the fruit of the plant is edible. Many 
of them supply Viimishes. Antcardiiim occulentale famishes the 
Casliew-nut, wluch is remarkable for its large succidcnt peduncle sup¬ 
porting the fruit or nut (fig. 227). The pcricaip has the acrid pro¬ 
perties which pervade the order, while the seed is eatable. The 
fleshy jxeduncle is acid and edible, .and a bland gum exudes from the 
bai-k. Pishtciu vera is the Pistacia or Pistachio-nut tree, which ex¬ 
tend.® from Syria to Bokhara and Caubul, smii is cultivated in the south 
of Europe. It has green-coloured oily kernels, which are used as 
articles of diet. P. Terebintkus is a native of the southern part of 
Emope, and the northern part of Africa, and yields a liquid resinous 
exudation, known as Chian turpentine. The turpentine receives its 
name on account of being collected in the island of Ohio or Scio, where 
the plant thrives. The tree attains a height of 30 or 35 feet, and one 
tree wfll yield ten oimces of the liquid resinous matter, which thickens 
on exposure to air, by the loss of volatile oil. like other turpentines, 
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k has diuretic and excitant properties. I'istacia LentiscuB, a nfitive of 
the coasts and islands of the Mediterranean, furnislies the concrete 
resinous exudation called Mastichc or Mastic. It Ls a bush of about 
10 or 12 feet in height, which is cultivated abundantly in tlie island 
bf Chios. Mastic is used as a masticatory for consolidating the gums 
and cleansing the teeth. It has idso been employed as an antispas- 
modic, and it enters into the composition of varnishes. Elius Toxico- 
dendroi),. Poison-oak, is a shrub found in Canada and the United 
States, the leaves of which have been used .as stimulants in cases of 
palsy. Like the other species of tliis genus, it yields an acrid milky 
juice, which becomes bl^k on exposure to the air. IVius radtcanit, 
Poison-ivy, or Poison-vine, is probably another name of the same 
species. Jihm vetienaia, Poison-sumach, or Poison-elder, has acrid, 
poisonous properties, and contact with it, in some instances, giv»^|^se 
to inflammation of the skin. Cases are related of persons who are 
Iteculiorly liable to be thus affected, and in whom the irritation caused 
by the juice of the poisonous species of Rhus is very gre.at, .‘md even 
alarming. Jifius coriaria, Ji. typ/uiia, and Jt. tjUibra are used for tan¬ 
ning, and their fruit is acii Mhm Cotims is ctdled Arbre a perruque 
in France, on accormt of the hairy appearance presented by its abortive 
pedicels. Many of the plants in this order fimiish vamislies and 
marking ink. Semecarpus Anacardrmn, commonly called the Marking- 
iiut tree, supplies the Sylliet varnish, while MeUmorrluea nsitatisdnui 
furnishes that of Martaban. Stagrtmria vcrnicijluu is the .source of the 
hard black varnish called Jap^ Lacquer. The leaves of many of tlie 
species of Schmus, as S. Molte, when brolfen and thrown on tlie sur- 
fece of water, send out a resinous matter with great force, so as to cause 
a sort of spontaneous motion by the recoil. Although a resinous 
principle pervades the plants of this order, yet in some cases it is not 
developed in the fiuit, which becomes eatable. Of this an illustration 
is furnished by the Mango, the xftoducc of Manrfifera indica. 'Ihe 
Hog-plums of the West Indies arc furnished by various species of 
Spondias, as (S’. purpu7'ea and MomMn. 

844. Order 66.—Amyridaccic, the Amyris Family. (Polppet. 
Perkjyn.) Flowers usually bisexual, sometimes unisexual by abortion. 
Calyx persistent, regular or nearly so. With 2 to f> divisions. Petals 
3-5, inserted ift the base the caljoc; arstivation valvatc or imbricated. 
Stamens twice oeifour times as many^ the petals, perigynous. Disk 
■covering the base of the calyx often in a ring-hke manner. Ovary 
superior, sessde 1-5-ceIled; ovules in pairs, anatropal, pendulous or 
suspended; style 1 or jnone; stigma simple or lobed, sometimes capi¬ 
tate. Fruit dry, 1-5-ceIled, indehiscent, or its epicarp splitting into 
valves. Seeds solitary, exalbuminous, -with a superior radicle next 
the hilum, and oofyledons, which are fleshy or 'wrinkled.—^Trees or 
shrubs, abounding in resin, with opposite or alternate compound leaves. 
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•which are frequently stipidate and dotted. They are natives of tropic^ 
re^ons. There are two suborders:—1. Amyride», with an unilocular 
O'Vary. 2. Bursereac, -with a 2-5-celled b-vary. Some look upon the 
stamens of Amyridea? as truly hypogynous, and consider the order as 
allied to Aurantiacefls. Lindley gives 22 genera, and 45 species. 
Examples —Amyris, Boswellia, Bursera, Balsainodendron. 

845. The plants yield a fragrant balsamic and resinous juice, which, 
in a dry state, is often used as ftaukincense, and is employed medici¬ 
nally tis a stimulaut or expectorant. The resinous substance called 
Klcmi seems to be obtahwd from one of the plants of this order. 
Liimajus referred it to Amyris elemifera, under which name .several 
species seem to be included. Home authore think that Idea Icicariba 
fiunishes elemi in Braidl, whUo Roylc refers a Mexican kind to Ela- 
/ihriy,m ekm/ferum; and other varieties, according to Christison, ar<t 
probably the produce of Caiianum cemmune and halscmdfmim. 'file 
resin contfiius a stimulant vol.atile oil. Boswellia serratn, a large In¬ 
dian tree, .supplies the gum-rcsin called olibamun, or the true frankin¬ 
cense of the ancients, the n:a': of the Scriptures. It contiuns a vola¬ 
tile oU, and has been used as a .stimulant, and as a material for fumi¬ 
gation. Jialmmadeiidrou {Protium!) MytTha, a shrub growing in 
Abyssinia, appeiirs to be the source of tho; oflScinal myrrh, the tio of 
tlu! Bible. It is a bitter ai-omatic gum-rcsin, containing voktile oil, 
and wa.s used in ancient times as fhinkinceusc. It is a heating stimu- 
hmt, and is employed medicinally as an emmenagogue and diiijihorctic, 
as wcU as for arrc.sting various mucous discharges. The resin (sdled 
Bdellium is procured from various species of Jialsamodctidnm, as IJ. 
afrieanum and Boj-burijhii. 'Idie celebnited balsam called Balm of 
(rilead, is an exudation from Balsnmodemlron gileadmse. Tccamaliac 
is juocured from Eld/ibniim lomvntosma. Various other balsams and 
resins are yielded by phints of this order. Amyris toxifha is ^d to 
be jKiisonous. 

840. Order 67.—ConnnrncMc, the Connarus Family. (Polypet. 
Periyfin.) Flowers bisexiuil, Duety unisexual. Calyx 5-partito, regu¬ 
lar, ijersistent; aistivatiou unbricate or vfdvatc. Petals 5, inserted at 
the ba§e of the calyx. Stamens twice as many as the pefcds, inserted 
with them, and doubtfully hj'pogynous; fdaments xmited at the base. 
Ovary insisting of one or more sepamte Ciupels, each having a ter- 
mmal style, and a dilated stigmn.; ovules in pairs, collateral^'ascending, 
orthotropal. Fruit follicular, dehiscing along the ventml suture. 
Heeds solitary or in pairs, erect, with or without albumen, sometimes 
ariliate; embryo vvith a superior radicle, remote from the hilum, and 
cotyledons, which are either flashy or leafy.—^Trees or slinibs, with 
compound, alternate, exsupuhite leaves, which are not dotted, 'fhey 
;ire tropical plants, some of which htivc febrifuge properties, (hnpha-. 
lobium Lamberti is said to furnish Zebra-wood. 'This order, as wdl a 
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the orders Anacardiacese and Amyridacese, are by many considered 
truly hypogynous, and as belonging to Thalamiflorae. Lindley includes 
them ill Im Kutal alliance. He notices 5 genera, and 41 species. 
Examples —Connarus, Omphalobium, Cnestis. 

847. Order 68.—iieKominoiue (Pabaccse of Lindley), tho Pea and 
Bean Tribe. (Pob/pet. Perigt/n.) Calyx 5-partite, toothed, or cleft 
(figs. 593, 594 c c), with the odd segment anterior (IT 357); seg¬ 
ments often imcqud and variously combined. Petals 5 (figs. 593, 
594), or by abortion 4, 3, 2, 1, or 0, inserted into the base of the 
calyx, sometimes equal, but usually unequal, often papilionaceous^ 
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with the odd petal superior (fig. 594 e). Stamens definite or indefinite, 
usually perigynous, distinct, or monadelphous or diadolphous (fig. 


50^507.—Orgaus of fntcttticution of Latliynis odonituR, Swcct-}iea, a papilionaceous 
flower, (^owinff the stiTictunt of the natural ordi^r Jicf^miinosie. 

H>f. AJKl.—Diagram of the flower, slioMing S (livitaons of the S pchils, consisting of 

IHtrts forming the caiiiia, 2 uhe, an<l tlic vexilltiin, uiiieii is su])crior, lu stiuuens in 2 mwi4, dia- 
dulphous; ovary l-colled, formed hy a single cuiiicl; one of the ovules shown with its funiculus 
attuehcsl to thc! ventral suture. 

Fig. ot)4.—Longitudinal section of tlic flowcu* of Latbyrus ortoiutus. c r, Calyic, with 5 sttg- 
nicnts. c, Vei^um or standaifl, being the sui>eriur or ixjstcrior odd petal. Oiiooftiieala% 
ir wings, r a, unc half of the curinu, or keel, f, 1'uhc of the stamens, the flluroents being uniUtd 
n tw'O InindloK, or diadclpbous. o, Ovar>' laid ojkmi, showing the ovules attached to tho placenta, 
ID tiic ventral or u])per suture. «, Sliginu ut the ui>cx of the style which is continuous with the 
rentrul suture. 

Fig. 695.—Fruit, a Legume or P<kI, oi)ening by two valves, and dehiscing by the ventral imd 
dorsal suture. Seeds attached on each adc of Uie vei:iti*al suture, curved upon themselvcH, having 
a marked hiluin and fluiiculus (podositerm or umbilical cord). 

Fig. 596.—A seed separated. /, Faui(mlu& c, Cliuiaza united to the funiculus by tiic raphe. 
m, Micrtmylu or foramen. 

Pig. 597.—Embrya wbl<di occupies the tmtlro seed afUa? the s^tormmierm is removed, r Twe 
cotyledona sejwratcd; they are fle^y mid hypogeal, i.e, remain under grouud during germina^ 
tion. g, Gemmuh$ or plumule, r, icicle. 



UaOtJMDIOSiE. 


399 


.">94 t), or rarely triadelphons; anthers bilocular, ycrsatile. Ovary 
superior, 1 -celled, consisting usually of a solitary carpel (fig. 594 o), 
sometinies of 2-5 ; ovules 1 or many; style simple, proceeding from 
the upper or ventral suture; stigma simple (fig. 594 s). Fruit a 
hrgume (figs. 440, 409, 595), or a drupe. Seeds solitary or several 
(fig. 595), sometimes arillate, often curved (fig. 596); embryo usually 
exalbuminous, straight, or with the radicle bent upon the edges of the 
cotyledons (figs. 429,510), winch arc either epigeal or hypogei (^ 629) 
in germination (fig. 597), and leafy (Phyllolobas) or fleshy (Sarcolob®). 
—Ilcrbacoous plants, shrubs, or trees, with alternate, usually com- 
])ound leaves, having two stipules at the base of tlie petiole (fig. 193), 
iind two at the liase of each leaflet in the pinnate leaves. Pedicels 
usuidly articulated. ITie flowers are frequently papilionaceous (fig. 
292), and the fruit is commonly leguminous (figs. 460, 169, 470, 471). 
and by the ]>rcsence of one or olhi'r of these characters the order 
may be recognized. 

848. Tlu‘ ])lants of the order are very generally dLstributed over the 
globe, but ni.Muy genera, .‘ue voiy limited in their range. De Candolle 
gives the following geographical distribution of the 3600 species known 
in his d.iy;— 


E<(iiino<’tial America,.605 

Oasin of'the. Muiliterrnnunn.468 

East Indies,.452 

Capo of Good Hope,.353 

Levant.250 

New Holland,.229 

'West Indie,s,.221 

Enropc, excepting tlie Mediterranean,.184 

United States,.183 

..152 

Eiptinnetinl Africa,.130 

Sibevia,.129 

Arabia and Egypt,. 87 

Chino, .lapan, Cochin-China. 77 

Isles of Sonthern Africa,. 42 

South America, beyond the tropics,. 29 

Canaries,. 21 

South Sc.a Islands,. 13 


It is said that no native species occur in the island of St. Helena. 

Tlie order has been divided into three suborders:—1. Papilionacese; 
papilionaceous flowers, petals imbricated in asstivation, and upper 
Mil., exterior. This suborder is subdivided into the tribes Podaly- 
rieae, Lotem, Vicieai, Hedysare®, Pliaseole®, Dalbergie®, Sophore®; 
iiccording to the nature of the filaments, whether free or variously 
imited, the form and dehiscence of tlie legume, the cotyledons whether 
fleshy or leafy, and the simple or compound nature of tlie leaves. 
Examples —Podidyria, Lotus, Cytisus, Pisum, Iledysaamn, Phaseolus, 
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Daibeargia. 2. Caesalpinkae; flowers irregiilar but not papilionaceous, 
petals spreading, imbricated in sestivation, upper one interior. Emm- 
ples —Htematoxylon, Cajsaipinia, Cassia, SwJirtsda, Amherstia,Bauhinia, 
Copaifera, and Ceratonia. 3. Mimosese; flowers regular, petals val- 
vate in ffistivation. Examples —^Parkia, Mimosa, Acada. 

The number of known genera at the present day, according to 
Lindley, is 467, comprehending 6500 species. The following is the 
estimate of species in the diiferent suborders and tribes, considered in 
reference to the flora of the globe and the flora of Britain (Bcntham 
and Henslow):— 


Subonlors. Trilioa. Siwciis. 

f 1. Podalyrieas,. 350 

I 2. Iioteai with) ..3000 

I Vioieai,...)’ . 

1. Pspiliouacca). \ 3. Hedysareje,. !500 

I 4. Phaseoleai,. 650 

I 5. Dalbergiea!,. 2,50 

C. Sfjjihoroie,. .50 

2. Cffisolpioicie. 700 

3. Mimosefu...1000 


6500 


liritiiili Siicdcs 

. 0 

. 48) 

. 3.3 )■ 

. 4 

. 0 

. O 

. O 

. 0 

. o 


849. This is a very extensive and a very important natural ordei 
It embraces many valuable medicuial plants, such as those yieldin; 
Senna, Gum-arabic, Tragacanth, Catechu, and Kino; iuiportimt dyef 
as Indigo and Logwood; many valmible timber trees, tis Locust-tre 
and Eosewood; plants furnishing nutritious food, such as the BcJi 
and Pea. The properties of the order may be considered in gema'j 
as wholesome, although it contauis some poisonous phints. Lindlej 
however, says that the order must be considered u^wm the whole i 
poisonous, and that the plants used for food arc exceptions. 

850. Suborder PapUioruicece. The plants in tlrls section have frt 
quently beautiful showy flowers; for example, liobimt, Lalmrnm, 
Wisteria, Ltipinus, Gliantkus, Krytliriwi,, or Coral-llower, Hovea. 'llic 
are often nutritions. The various lands of Clover, Beans, Pea 
and Pulse belong to it. The c-ommon red Clover is Trifolium patens 
White or Dutch Clover (T. reimui) springs up frequently on grow 
recently cleared. Tire Shamrock is generally considered as a species 
Trefoil. Yarious species of Medick and Lucerne {Mediciigo, fig. 471), 
Swntfoin (OnobmicMs), and Melilot (MeliloUts), are cultivated as ftx 
for cattle. Many are used for their medicinal qualities. Gl>/cgrrhi 
glabra, or LupdritUi ojfimudis, is the ])lant which yields liquorice-ro< 
Tins plant is a native of the southern part of Europe, and it has be- 
occasionally cultivated with success in Britain, especially at Pontefe 
in Yorkshire, and at Mitcham in Surrey. An extract is prepared fire 
tl^ root or Tmderground stem by decoction in water, and subseque 
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inspLssation. It owes its sweetness to a peculiar principle called Glyckin, 
or Glycyrrhizin, whicli appears also to bo present in the root'and 
loaves of other papihonaoeous plants, as Gh/cyrrMza echinata and 
i/landulifera, I'rifolium alpimim and Abrus preeatorius. Liquorice is 
used medicinally as a demulcent. A sweet secretion (a kind of Manna) 
is produced by Alhagi Mmiromm. Astragalus vents, creticus, aristatus, 
guiiimifer, and otlier species, yield an exudation known by the name 
of Glim Tragacanth. A. verus seems to be the chief source of the 
European tragacanth. It is a shrub formd in Asia Minor and Persia, 
and the gum is procured by exudation or incision. Tragacanth forms 
witli cold water a bulky jeUy, while it is soluble in boiling water. It 
contains both Arabm and liassorin in its composition, and is used as a 
demulcent. Myrospermmn, or Myroxylonperuiferum, yields the Balsam 
of Peru, while Myrvspermum, or Mgroxt/lon tuluij'erum, is the source of 
the Biilsam of Tolu. Ihesc balsiuns are procmed oliiefly by making 
incisions in the trees. They consist of resinous and oily matter, with 
ciunamic acid, and they are used as stimulant expectorants. Pterocaipus 
Marsupiiim, a tree of the Indian forests, furnishes the concrete exuda¬ 
tion calliid Kino. Dttiea Jrondosa, or the Dhak tree of the East Indies, 
yields a similar product, and African Kino is procured from Fterotxtipm 
erinaicms. Kino is used as a powerfid astringent, and is administered 
in the form of powder and thicture. Broom-tops, procured from 
Cgthus {tiarotliamnus) ticoparius, arc used ."is a diuretic. 'ITie hairs from 
the legmiKiS of Muctma pnniens in the West Indies, and of M. pniribi 
in the East, xmder the name of Cowhage, or Cowitch, have irritat¬ 
ing properties, and, mixed with syrup, they arc used in the treat¬ 
ment of intestiiiid worms, 'llic leaves of Colviea arhoresems, Bladder- 
Senna (fig. 470), arc pm-gative, and are used abroad to adulterate the 
obovate or bluut-jiointed Senna. The leaves of Teplirosia apoUmm 
are also purgative, and are occasionally mixed with Alexandrian 
-Senna. The bark of Andira inennk, the Cabbage-tree of the West 
Indies, acts as a purgative and anthelmintic. Tlie fruit of Geoffrm/a 
superba, Unwri, is much used by the inliabitants of Brazil on the 
banks of the Kio San Erancisco; the fruit is a drupe. 

Besides the plants which have active medicinal qualities, there are 
others which are valuable in commerce and the arts, as furnishing 
food, dyes, fibres, timber. Various species of ludigofera, as L tinctoria 
and nasrulea, furnish the Indigo of commerce. Pterovarpus santaUnus 
yii'ids red Sandal-wood, which is ttsed as a dye. P. Draco yields 
(i um-Dragon, and P. Ddfbergioides is said to yield Andaman redwood, 
and to be valuable both as a dye and as timber. Baplisia tinctoria 
gives a blue dye, and is the Wild Indigo of the United States. Dcd- 
bttrgia tSissoo is an Indian forest free, which is valued on account of its 
wood. GrotaUxria juncea supplies fibres, which are known as Sun or 
Bengal Hemp. Tlte fragrant seeds of Diptmx odorcUa are known as 
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Toaka-beans. A similar fragrance is given out by soine Bpacies of 
Mefilot, the flowers and seeds of which are employed t6 give the 
peculiar odour to Gruyere cheese. Arachis hypogcea produces its 
legumes under groimd, and receives the name of under-ground Kidney- 
bean, or Ground-nut. Erythrim monospmm yields Gum lac. The; 
roots of Glycine Apios, or Apios tuberosa, are used as an article of 
food in America. JtoMuia pseudo-acacui is often cultivated in llritain 
as the Locust-tree. The tree attains in England a height varying 
from forty-five to eighty feet, and sometimes has a diameter of three 
feet. Its wood is durable. According to Kerf oloni, a kind of Ebony 
is the produce of Fomasinui dteivifera, a papilionaceous plant, found 
in Caifraria, near Mozambique, kosewood is said to be the timber 
of two or three species of Trioptolomea. It is rai'e to find papiliona¬ 
ceous plants produce double flowers. Tire Wliin is one of the plants 
which exhibits this monstrosity. Dmnodium or Hedymmm yyram 
exhibits a remarkable irritability in its leaves (f 660). Theri; ai-e 
certain poisonous plants in this subordei-. Tlic seeds and bark of 
Cytisus Laburnum are narcotic; such is siiid also to be the case 
with those of Lafhynw Cicera, and L. Aphnm. Tlie roots of many 
species of Phascolv^, as P. multifloms, the Scarlet-runner, and P. 
radiatus, are poisonous. The branches and leaves of TcpJn-osui to.ri- 
carW; and the biirk of the root of Fiseklia erythrina, Jamaica Dogwood, 
are employed as fish poisons. A species of Gomphtlobitm has poisoned 
sheep in the Swan liivcr colony. Cm'onilla raria acts as a uai'cotic 
poison. The leaves of it and of Coronilki Emeras arc sometimes used 
to adulterate Senna. 

851. Suborder Gwsalpinka:. In this section there are many plants 
which furnish purgative remedies. Among these in.'iy be noticed 
various species of Cassia. C. lanceohita, acutifulia, vkmyata, obtimiia. 
and obovata, supply the various kinds of Seima known as Alexandriiui or 
Egyptian, TrijKili, and East Indian Senna Other .sju-cies Jilso, as Cassia 
marUmidica, Abms, corymbosa, biflora., tmnentosa, a/ata, and Porturryalk, 
have purgative leaves. Cassia Fistula, call(!d also CatJ/artocurpvs 
Fistula, has an indehiscent pod, divided by numerous trausvers(> 
phragmata (fig. 395), and containing a laxative pul[), which is a secre¬ 
tion from the endocarp. A pulp having similai" properties is prociu'cd 
from the pericarp of Tamarindm indica, the Tamarhid-trec. The pod 
of Ceratorda Siliqua is known as the Algiuoba-bcan, and is used occa¬ 
sionally for feeding horses. The tree is denominated Garob-tree, and 
sometimes Locust-tree, or St. Jolm’s Bread, from a tradition that the 
puljjy matter surrounding the seeds suiiplied food to St. John in the 
wilderness. 'Jbe pods of Symencea Courburil, the West Indian Locust- 
tree, supply a nutritious matter; its inner biU’k is anthehnintic, and 
the plant yields a kind of resin called Animc. llie bark of OuUundina 
Bonduc, the Nicker-tree, is bitter, tonic, and its seeds are said to be 
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emeti». *l^e curved pods of Cmsalpima coriaria, tinder the name of Divi- 
ilivi, arte used for tanning. CmaJjmiu hramliends yields the Brazil-wood 
of commerce, and the Mora-wood of Gruiana is yielded by a large tree 
called Mom excelsu. Many dyes are furnished by the plants of this 
.suborder. HmnuitnxyUm campeachianmn gives Logwood or Cam- 
])i!achy-wood, which is employed both as a dye and as an astringent. 
'I'lie inner wood is the part employed both in the arts find ofiicinldly. 
'Phe alburnum is of a yellowish colour, and is not imported. Ihe red 
colouring principle is llasmatoxylin. Ccesalpinki echinata famishes 
Pernaiubuoo-wood; C. sappan, Sappan-wood, the Wukkuin or Bukkuni- 
wood of iSciude; Bnphw Mtt/'dn, Camwood. Various species of Ccjpai- 
fara, as C, Jucqmnii, LunfimlorUii, blgvga, wultiguga, MaHii, Gvia- 
neriftit, coriacKd, &c., furiiLsh the Balsam of Copaira, of whicli two 
kinds are distinguished—the AVest Indian and Bra 2 dlian. TIic balsam 
eontiiins a rosin and volatile oil. It is used in medicine as a stimulant, 
cathartic and diuretic, and is especially employed in the treatment 
of mucous intlaramations. Ouma (.■futmmirisiii, nwrikaidica, and meti- 
Ijiiik, all exhibit, according to Bromfield, a high degree of irritability; 
the lealh'ts cro.se. togetljer almost as soon as gathered, and even when 
rudely handled or brushed by the feet in walking through the herbage. 

HS>2. Suborder Miuhosew. The plants of this section yield gum in 
Largo (juautity, and their bark is frequently astringent. Acacia 
Khreuhergii, tortUix, Segal, aralnca, verir, giimiiiifera, Adansomi, Vevek, 
fdbiiia, and various other species, yield the gitmmy substances known 
as Gum Arabic, Gum SenegrJ, Barbary Gum, and East Indian Gum. 
A kind of gum is procurc-d at the Cape of Good Hope from Aciwia 
Karroo, and in N<'w HoUand, A. de.currem yields another Viuiety. 
.A viuiety of Indian gum procured ifom A. arabica, is called Babul, 
or Babool-Gum; Babid-wood is used for tanning in Scindc. Tliese 
snims are all more or less nutritive and demulcent, and are adminis¬ 
tered ill the form of mucilage, emulsion, or lozenges. The Wattles 
of Australia are spi-cies of Acacia, which fiiniish astringent barks. An 
extract made. Iroiri Ihem ha,s been imported for the purjiose of tanning. 
The irmer wood of Acacia Catechu, an Indian shrub, funiishes a kind 
of Catechu, or Cutch, which contains much tannin, mid is used for tan¬ 
ning, and as a powerful astiingent. Some of the New Holland Acacias 
are remiukable lor tlic pecidiar developmeut of tlie petiole, which 
assT.uues the form of a jihyllodium (fig. 188 p). The largo seeds of Kntada 
ec ■miens are sometimes carried by the winds and tides from the West 
b idles, to the shores of the outer Hebrides. Some say that a species 
oi JJesnmidlius is the source of the cellrilar substance called Rice-paper; 
others refer it to the genus yEschgno-mene. Some of the plants in this 
suborder display peetdiar irritability in their pinnate leaves. This is 
jiarticularly the case with Mimosa sensitiva and jmdica, wliich are 
commonly called sensitive plants (If 65U). Almost all of the pinnate- 
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leaved IiegQMdiKws plants dose thdr leaves in a marked way during 
daifaiess, ' x.,.;.',-::. 

853. Order 6f.—^ncerinvumi, the Moringa Family. (Polypet. 
Perigyn.) Calyx 5-partite; jestivation dightly imbricated. Petals 5, 
rather unequal, upper one ascending. Stamens 8 or 10, perigynous; 
filamraits ^ghtly petaloid, callous, and hairy at the base; anthers 
ample, l-ceUed, with a thick convex connective. Disk lining th<! 
tube of the calyx. Ovary superior, stipitate, 1-celled; ovules anatro- 
pal, attached to parietd pkcentas; style filiform; stigma simple. 
Fruit a pod-like capsule, l-celled, S-vdved, opening by loculicidal 
dehiscence. Seeds numerous, half buried in the spongy substance of 
the valves, sometimes winged, exalbuminous; embryo with a superior, 
straight, small radicle, and fleshy cotyledons.—^Tre^ with bl- or tri- 
pinnatc, stipulate leaves, natives of the Eiist Indies and Arabia. Some 
of them are pungent and aromatic. The seeds of Moringa pterygo- 
sperma, Horse-radish tiw, are winged, and are called Bon-nuts. From 
them is procured a fluid oil, used by watchmakers, and called Oil oi' 
Ben. TTie root is pungent and stimulant, and resembles Horse-radish 
in its tasta landley places this order in his Violal allianbe. He men¬ 
tions 1 genus, and 4 species. Eamtvple —Moringa . 

854. Order 70.—Bawcece, the Rose Family. {Polyjtet. Perigyn.) 

(Figs. 226, 235, 236, 276, 289, 385, 598). Calyx 4-5-lobed (fig. 
599 c c), tire fifth lobe superior. Petals as many as the divisions of 
the calyx, often 5 (fig. 599 p c), sometimes wanting, perigyuou.s, 
generally regular; arstivation quinenneial (fig, 598). Stamens inserted 
with the petals (fig. 599 «), definite or indc^nite; filaments iuciuvert 
in EBStivation; anthers bilocular (fig. 600) dehiscing longitudinally 
(fig. 822), Ovaries supraior, either solitary or several, luiilocular 
(fig. 601), sometimes tiniting so as to form a many-cclled jnstil: 
ov^es 1, 2, or more, anatrop^ suspended (figs. 373 001 </), rai'ely 

erect; styles lateral (figs, 400, 601, 603); stigmas usually simple. 
Fruit either ach»nia (fig. 270) or drupes (figs. 373, 602), or follicles 
or pomes (fig. 472). Seeds erect or inverted, usually exalbuminous; 
embryo straight, with the radicle next the hiham (figs, 603, 605), and 
leafy or fleshy cotyledons (figs. 501, 604).—Herbaceous plants, or 
shrubs, or trees, with simple or compotmd, alternate, stipulate leaves 
(fig. 191), and the flowers sometimes unisexual. They are foimd 
chi^y in the cold and temperate climates of the northern hemisphere. 
Some are fotmd on high mountains within the tropics, and a few occur 
in warm regions. 

The order has been divided into the following suborders:—1. 
'^hrysobalaneffi, petals and stamens more or less irregular; ovaiy 

ipitote, its stalk adhering on .one tide to the calyx, style basilar 

ig. 401), firuit a 1-2-oelled drupe. 2. Amygdalc® (Drupaoe® ol‘ 

bdley), tube of calyx lined with a disk, styles terminal, fiuit a drupe 
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(figs. 308,371-373). 3. Spineese, calyx-tube herbaceous, lined with a 
disk, fruit consisting of numerous follides, seeds apterous. 4. QuiUaiem, 
flowers unisexual, calyx-tube herbaceous, fruit capsular, seeds winged 
at the apex. 5. Sanguisorbeas, petals 0, tube of calyx thickened and 
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indurated, lined with a disk, stamens definite, nut solitaryj enclosed in 
the cdyeine tube. G. Pontentilleas, calyx-tube herbaceous, lined with 
a disk which sometimes become.^ fleshy, firuit consisting of numerous 
jicha>nia. 7. Roseas, calyx-tube contracted at the mouth, becoming 
ilcshy, lined with a disk, and covering numerous hairy achienia (figs. 
270, 289). 8. Pomeas (Pomaceas of Lindley), tube of Calyx more or 
less globose, ovary fleshy and juicy, lined with a thin disk, fruit a 1-5- 
celled (fig. 472) or spuriously 10-ceUed pomum. There are 82 known 
genera, and about 1000 species. Examples —Chrysobalanus, Amyg- 

S98-60i'}.—Or^ns of frnctification of fiubus strlgosus, illusttratlng tbe natural orUer 
UoiUKxne. 

Fig. 598.—Diagram of the flower, with 5 flirlsions of the calyx, 5 quincuncial petals, indeflniU‘ 
stamens, and nomcrouB succulent cai^pela. 

Fig. 599.—Tlie flower cut vertically, c c, Calyx, w, Petals. ^ Stiunens. di; DiiUc, lining 
ibt. base of the calyx, upon wlilch the stoinena are insetted. j?i, Pistil composed of several 

pivrpclH. 

Hg. 600.—Dilmtulur anther separated with the upi)er pwt of the fllament, seen on ttie outside. 

Fig. 601.-Ovary, 0 , cut vertically. Exalbumluous, auspendedseed. x lateral style. 

Fig. 602.—>'niit. /, Flesliy carpus accompanied witii tiio persistent calyx, <*, connected with 
which tile witiiei'cd fllamcnta are seen. 

iHg. 6(Kl.- ■ Verticfd section of a corpeL s, LAteral style, m, Fietdiy mesucarp or surcocarp. 
<*, Endocar}). r/, Seed. 

Fig. 604.—Horizontal section of the exalbumlQoos seed. ^ Integument (spermoderm;. Co> 
tyledoim of the embrya 

Fig 605.—Embryo Isolated It Alls tiic entire seed. 
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dalus, Pruniis, Spinea, Quillaia, Sanguisorba, Potentilla, Eubus, 
Pragaria, Rosa, Pyius. 

855. ilany of the plants of the order jdeld edible fruits, such as 
Raspberries, Strawberries, Brambles, Plums, Apples, Pears, Quinces, 
Cherries, Almonds, Peadies, Nectarines, and Apricots. Some are 
astringent, others yield hydrocyanic acid. Tliose belonging to the 
suborder Chrysohalatwa;, are principally natives of the firopical parts 
of Africa and America. Many of them furnish edible fruits, lire 
drupes of CJirysobalarivs Icaco, itre eaten in the West Indies under 
the name of Cocoa-plums. The root and bark are used as astringents. 

The plants in the suborder Amygdulea, arc chiefly remarkabhi on 
account of the presence of hydrocyanic acid in their kernels, leaves, or 
flowers. Amygdadvs communis, the Ahnond-tree, grows naturally in 
Barbary and in Asia, from Syria to Aflghanistan. It is extensively 
cultivated in the south of Europe. Tliere me two varieties of the 
tree,—«. duMs, yielding the sweet Almond, and /8. amara, yielding 
the bitter Almond. In the former, the style is mucli longer than the 
stamens, and there are glands on the base of the leaf; while in the 
latter, the style is equal in length to the stamens, and the glands are 
situated on toe petioles. Tlie chief kinds of sweet Almonds are the 
Valcntia, the Italian, and the Jordan Almonds; the latter come fi-om 
Malaga. Under the name of Shell Almonds, they are often sold with 
the brittle cndoctujjs on toem. They consist chemically of a bland 
fixed oil, and a kind of vegetable albumen called Emulsin or Synap- 
tase. Bitter Almonds are imported from Mogadore. Besides a fixed 
oO and synaptase, they contain a bitter azotised principle called Amyg- 
dalin, which, when brought into contact with a solution of Emulsin, 
produces a volatile oil, containing hydrocyanic acid. Tliis gives rise 
to toe pcculiiir aroma of bitter Almonds, when mixed with water. 
Sweet Almonds arc used medicinally, in toe form of emulsion, as 
demulcents. The hydl-ocyanated essential oil of bitter Almonds is 
sedative, and has been used as a substitute for Pmssic acid, 'fljey 
sometimes produce derangement of the digestive functions, and give', 
rise to nettle-rash. The leaves of Ami/gdalm permca {Persica vulgaris 
of some), toe Peach, contain a similar oil, and have been employed as 
sedative and vermifuge. ITic flowers of the Pemh exhale the odour 
of bitter Almonds. Peaches are divided into Freestone and Cling¬ 
stone, according as the pulp (sarcocarp) separates csasily from the 
eudocarp or adheres to it. The fruit of Prunus domestica, the Plum- 
tree and its varieties, when drie,d, constitute Prunes, which are used 
medicinally, on account of their nutritive and laxative qrutlitics. Tlic 
leaves of Prunus or Cerasus Lawoceramis, Cherry lAiurel, or common 
Bay Laurel, have been -used medicinally, as anodyne and hypnotic 
remedies. The water distilled from them has poisonous properties, 
owing to the presence of a hydrocyanated oil, which seems to be 
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developed in a similar manner as in the case of bitter Almonds. The 
oil exists in largest quantity in the young leaves. Prurvus Jjusitcmka 
is the Porttigal Laurel, which is extensively cultivated in Britain as an 
evergreen. The leaves of Prunm ^imsa, the Sloe, have been used 
jis a substitute for, as weU as an adulteration of Tea. The fruit of a 
viiriety of Cerasm avium, the Cherry, is used in the manufacture of 
KirsclicnwtisSfer. 'flie kernel of Cerumis occidentalis is used for flavour¬ 
ing Noyau. The flavour of liatafia. Cherry-brandy, and Maraschino, 
:ire due to tlie kernels of Cerasus. 

The suborder Pmneai su]>plies many edible fruits, as Apples, Pears, 
Metilars (fig. 472), and Quinces. 'Flie seeds, and occasionally the 
flowers and bark of some, yield hydrocyanic acid. All the cultivated 
v,arieties of Apple are derived by grafting from the native species, 
Pyrm Malm; white Pear.s have their origin in Pyrm cmtmmiis. Hk! 
seeds of Cydvnia vulgaris (Pgrits Cgdunia), the Quince, when boiled in 
water, yield a muciLiginous decoction, which has been used as a 
demujceul. Malic acid is found in some of the fruits of this suborder. 
Kviohotrga japonicn yields the Loquat, a Japan fruit. 

'file other suborders contain plants wliich sue distinguished by 
astringent and tonic qualities. Gmm urhanum and rivak (Avens) have 
been employed as tonics and astringents, as also tlie root of Potmfilla- 
ToniieiMlu (Tormcntil). The vju'ieties of Scotch Roses are derived 
from Jldsa spinosissima. The truit of Posa canina, the Dog-rose, which 
consists of the enlarged fleshy calyx enclosing numerous achainia (fig. 
27(1), is beat into a pulp witli sugiu-, and used as an acidulous refri¬ 
gerant and astringent. Tlie petals oi' Rosa gallica, lied, French, 
:md Previns llosi*, tire employed in the fomi of infusion, as a tonic and 
slightly .'istringent remedy. The petals of Itosa centifolia, the Hun¬ 
dred-leaved or (labbage-ro.se (fig. 88), and its varieties, R. dainascena, 
Damask-jusc, R. mmeJutta, Klusk-rose, »&c., sue employed in the pre¬ 
paration of liose-watcr, and of the oil or attar of Hoses. It is stated 
by Dr. Christisem, that 100,000 roses, the produce of 10,000 bushes 
Ilf Rasa tUmumena, yield at Ghaxeeporc only 180 grains of .attar. 
The bark of many species of (luillaia, as Q. sapomvria, are used as a 
substitute for soap. 

856. Order 71 .—Cnirrantlmcefc, the Calycanthus Family. (Polgpet. 
P&igyn.) Sepals and Petals confoimded, indefinite, combined in a 
fle.shy tube; ajstivation imbricated. Stamens oo, perigynous; anthers 
odnate, extrorse, with longitudinal dehiscence. Ovaries several, 1- 
'"ellcd, adliering to the tube of the calyx; ovules solitary or two, one 
alx)ve the other, anatropal; style terminal. Fruit consisting of achaania, 
enclosed in tlie fleshy tube of the calyx. Seed exalbuminous; embryo 
straight; cotyledons convolute; radicle inferior.—Shrubs, with squa];e 
stems, consisting of a central woody mass, with four smaller ones 
aroimd (If 90); leaves opposite, simple, scabrous, exstipulate. They 
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are natives of North America and Japan. Their flowers are aromatic, 
the bark of some is used as a carminative. CalycanOms Jloridtts is 
called Carolina or common American Allspice. The order includtjs 
2 genera, and 6 species. Examples —Oalycanthus, Chimonanthus. 

867. Order 72.—liythroceie, the Loosestrife Family. (Polypet. 
Perigyn.) Calyx tubular, lobed, the lobes sometimes with intermediate 
lobes or teeth; Kstivation valvate. Petals alternate with the primary 
lobes of the calyx, very deciduous, sometimes 0. Stamens inserted 
into the tube of the calyx a little below the petals, equal in number to 
them, or two, three, or four times as many; anthers adnate, dithecal, 
introrse, with longitudinal dehiscence. Ovary superior, 2-6-ceUed; 
ovules numerous, anatropal; style filiform; stigma usually capitate. 
Fruit a dehiscent membranous capsule, suiroimded by the calyx but 
not adherent to it, sometimes 1-cellcd by the obliteration of the dis¬ 
sepiments. Seeds numerous, small, apterous, or winged, exalbuminous, 
attached to a central placenta; embryo strmght; cotyledons flat and 
foliaceous; radicle next the hilmn.—Herbs and shrubs, with branches 
which are usually tetragonal, and with opposite, rarely alternate, entire, 
exstipulate leaves without glands. Tliey are natives of Europe, North 
and South America, and Lidia. The order is divided into two sub¬ 
orders:—1. Lythrese, with apterous (wingless) seeds. 2. Lager- 
strbmiesB, with winged seeds. lindley gives 35 genera, including 300 
species. Examples —^Lythrum, Cuphea, Lagerstriimia. 

858. Many of the plants of the order are distinguished by astringent 
properties, and some are used for dyeing. Lytlirum Salicaria, Purjilt* 
Loosestritc, or Willowstrife, a European plant, found also in Australia, 
has been used in cases of diarrhoea, on accoimt of the tannin in its 
composition. The Henna, or Alhenna of the Arabs, which is used in 
E^tpt for dyeing orange, is the product of Lawsonia inermis. Tie 
Cu^teas arc remarkable for the mode in which tlie placenta bursts 
through the ovary and floral envelopes, so as to expose the seeds. 

859. Order 73.—Bhtzoph»race(«, the Mangrove Family. (Polypet. 
Epigyii.) Calyx adherent, 4-12-lobed; aestivation valvate, or some¬ 
times calyptriform. Petals arising from the calyx, alternate with the 
lobes, and equal to them in number. Stamens inserted with the 
petals, twice or thrice their number; filaments distinct, subulate; 
anthers erect. Ovary 2-8-4-celled; ovules 2 or more in each cell, 
anatropal. Fnut indehiscent, adherent to the calyx, and crowned by 
it, unilocular, monospermous. Seed solitary, pendidous, exalbuminous; 
cotyledons flat; radicle long, piercing the fruit.—Trees or shrubs, with 
simple opposite leaves, and deciduous interpetiolary stipules. They 
are found on the muddy shores of the tropics. There are 5 genera, 
and 20 species known. Examples —^Ehizophora, Kandelia. 

860. The plants of the order have frequently an astringent bark, 
■v^ch is in some cases used for dyeing black. Mieophora Mangk, the 
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Mangrove, forms thickets at the muddy mouths of rivers in tropical 
countries, and sends out adventitious roots which often raise the main 
trank much above its original level, and give the tree the appearance 
of being supported upon stalks. The fruit is sweet and eatable. The 
embryo germinates before the finiit fills, and the radicle is much elon¬ 
gated before the seed drops into the mud. The anther consists of 
numerous cells containing pollen. 

8G1. Order 74.—^VochriimcrH!. the Vochysia Family. {PolypeL 
Perigyn.) Sepals 4-5, united at the ba,se, imcqual, the upper one. 
largest and spurred; ajstivation imbricated. Petals 1, 2, 3, or 5, 
alternate with the divisons of the calyx, and inserted into its base, 
unequal. Stamens 1-5, opposite to, or alternate with the petals, 
perigynous, one having an ovate, fertile, 4-celled anther, the rest 
V)eing sterile. Ovary free, or partially jidlierent to the calyx, 3-ceIled; 
ovules solitary or in pairs, rarely numerous, amphitropal or anatropal; 
stylo and stigma one. lYnit a triquetrous, 3-celled and 3-valved 
eapsulc, usuiilly with loculicidal deliiscence. Seeds usually 1 -2 in each 
ceil, erect, cxalbumuiou.s, attached to a central placenta; embryo 
straight; cotyledons large and leafy; radicle short and superior.— 
IVecs or .shrubs, with opposite, entire, stipulate leaves. They inhabit 
the wanner parts of Americii. llicir properties are little known. 
'Fhere are 8 genera enumerated, including 51 species. Examples — 
Vochysia, Qu^ea. 

862. Order 75.—OombretBccte. the Myrobalan Family. (Polypel. 
Epiyjffi.) Calyx 4-5-lobed, lobes deciduous. Petals arising from the 
orifice of the calyx, alternate with the lobes, or wanting. Stamen.® 
epigjmous, twice as many as the lobes of the calyx, rarely equal in 
umnber, or thrice as many; filaments distinct, subulate; anthers di- 
tliecsil, dehiscuig longitudinally or by recurved valves. Ovaiy adherent 
to the tube of the cidyx, unilocular; ovules 2-4, pendulous; style 1; 
stigma simple. Fruit succulent or nut-like, inferior, uniloctilar, inde- 
hiscent, often winged. Seed solitary, pendulous, e-xalbuminous; 
cotyledons leafy, usually convolute, sometimes plicate; radicle turned 
towards the hilum.—Trees or shrubs, with alternate or opposite exsti- 
pulate, entire leaves. They are natives of the tropical regions of Asia, 
Africa, and America. The general property of the order is astringency. 
Many are used for tanning, and some for dyeing. The fruit of Ter- 
nrnudia Belerim, and of T. Cluhila, xmder the name of Myrobalans, 
is used as an astringent. The seeds of Temwuilia Qaiappa are eaten 
like almonds. The order lias been divided into three suborders:— 
1. Terminaliea!, petals 0, cotyledons convolute. 2. Combreteas, petals 
present, cotyledons plicate. 8. Gyrocarpe®, petals 0, cotyledons con¬ 
volute, anthers dehiscing by recurved valves. There, are 22 genera 
enumerated by Lindley, including 200 species. Eamples —^Termi- 
nalia, Combretum, Gyrocarpus. 
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CTrder T^. —nfelButonmeew, t&Q J^!€iksfyind fknui^. (^^fjteC 
Perig: ot JE^aigyn.) Calyx ■vritli 4, 5, or 6 divisions, which are more or 
less deep, or are sometimes united and separate from the tube like a 
lid. Pe^s equal to the segments of the calyx, peri^mous, SBStivation 
twisted. Stamens equal in number to the petals and alternate with 
them, usually with intermediate sterile ones; filaments curved down¬ 
wards in tiie young state; anthers long, often heaheCl, VftoenVar, 
deliiscing by two terminal pores or longitudinally. Ovaiy more or 
less adherent to the calyx, multilocular; ovules usually 00; style 1; 
stigma simple, either capitate or minute. Fruit multilocular, either 
capsular, with loculicidal dehiscence, or succulent, combined with tlie 
cal)'X and mdehiscent. Seeds oo, minute, attached to central pla¬ 
centas, exalbuminous; embryo, straight or curved; cotyledons some¬ 
times unequal, flat, or convolute.—Trees, shrubs, or herbs, with 
opposite, undivided, usually entire, often 3-9-ribbed leaves, not dotted. 
They are found chiefly in warm climates. Many are natives of 
America and India, lliere are no tmwholesome plants in the order, 
and the succulent fruit of several is edible. A sliglit degree of astriii- 
gency pervades aU the plants of the order, and hence some are used 
medicinally in cases of diarrhoea. The name Melastoma black, 

and arofca., mouth), is derived from the circumstance that the fruit of 
some dyes the lips black. Tliere are two suborders:—1. Melastomca', 
with ribbed leaves and flat cotyledons. 2. Meniecyleie, witli ribless 
leaves and convolute cotyledons. Lindlcy notices 118 genera, com¬ 
prising 1200 species. Examples — ^Melastoma, Osbeckia, Liisiimdru, 
lihexia, Lavoisicra, Miconia, Cliarianthus, Memccylon, Mouriria. 

864. Order 77. —Aianeriacei«. tlie Alangiinn Family. (Po/gpet. 
Epigyn.) Calyx campanulate, adherent, 5-10-toothed. Petals 5-10, 
linear, reflexed, inserted into a fleshy disk, which is adherent to the 
calyx, and ovary; sestivation twisted. Stamens long, exserted, 2 or 4 
times as many as tlie' petals; filaments distinct, villous at the ba.se; 
anthers bilociflar, adnate, introrsc, often sterile. Ovary globose, uni- 
bilocular ; ovules solitary, auatropal; style filiform; stigma capitate 
or conical. Fruit oval, fleshy, coherent with the tube of the calj^, 
and somewhat crowned by its limb, slightly ribbed; ondocarp some¬ 
times osseous, with a foramen at the apex. Seed solitary, anatropal; 
albumen fleshy, brittle; embryo straight; cotyledons flat, foliaceous ; 
radicle long, superior.—^Trecs or shrubs, with alternate, exstipulate 
leaves, which are not dotted. They are found chiefly in India, some 
are natives of America; some of the plants yield edible fruits, others 
are purgative. lindley enumerates 3 genera, comprehending 8 species. 
Examples —Alangium, Nyssa. 

865. Orderj78.—Phiiadeiphacete, the Syringa Family. {Pohjpti. 
Epigyn.) Cal^ with a 4-10-divided, persistent limb. Petals alter¬ 
nate with the divisions of the calyx, and equal to them in number; 
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sBStivation convolute, imbricate. Stamens oo. (rarely 10), in oUe or 
two rows, arising from the orifice of the calyx. Ovary adherent to 
the tube of the calyx; styles distinct, or united into one; stigmas 
1-10; ovules oo, attached to a central placenta. Fruit a 4-10-ci^ed 
capsule, free above. Seeds oc, scobiform, subulate, smooth, pendulous, 
with a loose membranous arillii.s; albumen fleshy; embryo straight, 
about as long as t\ie. aSVnvmcu", eotyledona flat; radicle next the. hflum, 
obtuse.—Shrubs with deciduous, opjiosite, exstipulate leaves without 
dots; flowers usually in trichotomons cymes. They are natives of 
the South of Europe, of North America, Japan, and Inclifu They have' 
no marked properties, 'flic flowers of PhiUMjthus coronarius, Syringa, 
Juive a peculiar sweetish odour, which to some persons is overpowering 
and disagreeable. The smell is duo to the presence of an oil. Deutda 
spdl/fo has a scurfy matter on its leaves, which, under the microscope, 
is seen to consist of beautiful stellal e liausi. There arc 3 genera enu¬ 
merated, including 2o species. Examples —Fliiladelphus, Deutzia, 
Decumaria. 

H{)(i. (.)rder 70.—^mrrtarc-ir, the Alyrtlc Family. {Poh/pet. Epigyn.) 
(latyx, 4-.')-fi-S-clell, the limb sometimes cohering at the apex, and 
fiilling off like a lid; aistivation valvate. Petals attached to the calyx, 
allernating ndth its segments, and e([ual to them in number, witli a 
>]uincuncial leslivalion, rarely 0. Stanuais inserted with the petals, 
twice as many as the petals, or oo ; tilaments distinct, or united in one 
or more pai’ccls, curved inwards in the bud; anthers ovate, dithecal, 
with longitudinal dehiscence. Ovary adherent to tlie tube of the. 
calyx, 1-G-celled; style and stigma simple; ovuli's anatropal, pendu¬ 
lous or erect. Fruit dry or tle.shy, dehiscent or indehiscent. Seeds 
usually 00 , attached to a ceutnil placenta; mostly exalburoinous; 
embryo straight or euivcd; cotyledons distinct (fig. 514), or consoli¬ 
dated with the. riidic.lo, which is next the hilum.—^'I'rees or shmbs, 
with opposite, rarely altmiatc leaves, wliich arc usually entire and 
dotted, and frequently liave an intramarginal vein, fliey are natives 
chiclly of warm countrii'S, as South America and tlie East Indies. 
Many, however, arc found in more temperate regions. Some of the 
gtaicni are peculiar to Austridia. The order has been divided into 
the following suborders:—1. t'hama8la.uciem, heath-like plants with a 
1-celled ovary and capsule, and opposite dotted leaves. 2. Lepto- 
spen-icat!, having a midtilocular capsule, and opposite oralternate, usually 
doi‘ed leaves. 3. Myrtesc, having a baccate fruit, distinct stamens, 
opposite dotted leaves. 4. Barringtonieai, having a fleshy 1-ceIled 
fruit, monadelphous stamens, albuminous seeds, oppoate or vert.icillate 
leaves, not dotted. 5. Lecjrthidese, having a multocular woody cap¬ 
sule, which either remains closed or opens by a lid, monadelphous 
stimiens, alternate, not dotted leaves. Several of these suborders are 
made separate orders by Lindleyand others, 'fliere are 77 known genera. 
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and upwards of 1400 species. Eaxmphs —CSliainsBianoium, Calytrix, 
Leptospermum, Melaleuca, Metrosideros, Eucalyptus, M 3 urtus, Psidium, 
Eugenia, Caxyophyllus, Baningtonia, Gustavia, Lecythis, BerthoUetia. 

867. Many of the plants of the order yield an aromatic volatile oU. 
This is particularly the case with those having pellucid dots in their 
leaves. Many yield edible fruits, others furnish astringent and saccha¬ 
rine substances. The leaves of some species of LepUmpemium and 
MeMmca are used as tea in Australia. The leaves of Mdaleuca minor 
(Cajupuii of some), a native of the Moluccas, yield the volatile oil of 
Cajeput. It is a veiy liquid oil, of a grass-green colour, having a 
pungent camphoraceous odour, and capable of dissolving caoutchouc. 
It is used medicinally as a stimulant and antispasmodic. Species of 
Eucali/ptm constitute the gigantic gum-trees of Australia, some of 
which attain a height of two hundred feet. They are remarkable for 
their operculate calyx, which may be considered as formed by several 
jointed leaves (like those of the orange), united throughout, and separ¬ 
ating at the articulation in the form of a lid (T 366). Their bark silso 
separates remarkably in layers. They yield an astringent matter, which 
has been used for tanning. Eucalyptus resinifera, Brown Gum-tree of 
New Holland, furnishes Botany-Bay Kino, an astringent resinous-like 
substance, which exu^ in the form of red juice from incisions m the 
bark. A single ti-cc Will yield sixty gallons. E. mmnifera gives a sjic- 
charine exudation resembling manna. A saccharine substance, mixed 
with cellular hairs, which arise from a cup-like body, has been sent 
to this cmmtry by Mr. Cay, found upon the leaves of E. dumosa. 
It is called Layurp by the natives, and is thought by Mr. Newport 
to be the produce of an insect of the tribe Coccidro. 'The wood of 
many species of Metrosideros is hard and dark-coloured. The flower- 
buds of CaryophylMs arotnadem (Eugema cnrijophyUatd), a tree which 
was originally a native of the Moluccas, but is now cultivated in tlie 
East and West Indies, constitute the Cloves of commerce. They have 
the form of a nail, and, when examined, are seen to consist of tlie tubu¬ 
lar calyx with a roundish projection formed by the imopened petals. 
They contain a volatile od, associated with resinous, gummy, and 
astringent matter. The oil is aromatic and acrid, and has been used 
as a condiment and a stimulant carminative. Pimento, Allspice, or 
Jamaica Pepper, is the berried fruit of Eugenia Pimetda (Afyrtus 
Pimentay, a tree which is a native of the West Indies and Mexico. 
The fruit has an aromatic odour, and its taste combines that of cinna¬ 
mon, nutmeg, and cloves; hence the name Allspice. It contains 
an acrid voktile ofl, to which ilss properties are due. Medicinally, 
Pimento is sometimes employed as a stimulant and carminative. The 
fruit of Eugenia acris is used for Pimento. Among the pulpy edible 
fruits of the order may be noticed Guavas and Kose-apples. The 
former are the produce of various species of Psidium, such as P. pyri- 
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femm, pomifenm, and CoMeyanum; the latter are procured from species 
of Eugenia, as E. Jamhos, and Malaccensis. The berries of the com¬ 
mon Myrtle {Myiim communis) arc also used as food. Punka Qrana- 
tiim, die Pomegranate-free, is a native of the warmer parts of Asia and 
Noi^em Africa, whence it was introduced into Eurofe. It is the pm 
of Scripture. It produces dark scar! et flowers, formerly c^ed Balaustia, 
which have been used as an astringent. The fruit of the Pomegranate 
has given rise to much difierence of opinion among botanists. It is 
composed, in the young state, of two rows of carpels, some of which are 
placed roimd the axis, and adhering to the bottom of the calycine 
tube, wliile others are placed outside, and adhere to the ui)per part of 
the tube. The subsequent contraction of the tube of die calyx, and 
the peculiar adhesion of the placentas, according to Lindley, account 
for the anomaly in the fruit (Balausta, f 550). 'fhe rind of the fruit 
(malicorium), and the bark of the root, are used as anthelmintics, 
especially in cases of tape-worm. Lecytlds ollaria, a large Brazilian 
tree, yields the woody capsules called Monkey-pots, which open by 
circumscissilc dehiscence. These seed-vessels fdita to be formed in 
the same way as die calyx of Eucalyptus, tMfcpart where die lid 
separates mdica.tmg the articulations of the G|||pcUary leaves. Hie 
seeds are eatable, and are relished by monkejMpnie bark of die tree 
may be sepiirated into numerous tliin layers. ^K^mUelia excelsu is die 
source of the Brazil nuts. 

868. Order 80.—Onnarnccrc, the Evening-Primrose Family. (Poly- 
))e,t. Epigyn.) Calyx tubular, the limb having usually 4 (fig; 399 t), 
sometimes 2, 3, or G divisions (fig. 531), which cohere in various 
ways; aistivation valvate. Petals usually equal in number to the 
i-alycinc st;ginents, regular (rarely irregular), inserted into the tube of 
the cidy,x (fig. 399 p)-, ajstlvation twisted. Stamens usually 4 or 8 
(rarely 1 or 2, fig. 531), cpigynous (fig. 399 e); filaments distinct; 
pollen triimgiilar, usually cohering by threads. Ovary 2-4-celled 
(figs. 384, 531), adherent (fig. 399 o), usually with an epigynous 
disk; style filiform; stigma ciipitatc (fig. 399 ») or 4-lobed; ovules 
(figs. 384 o, 399 g) indefinite, rarely definite, anafroptd. Fruit succu¬ 
lent or capsular, dehiscent or indehiscent, 1-2-4-celled. Seeds usually 
00 , exalbuminous; embiyo straight, with a long slender radicle point¬ 
ing to the liilum, and short cotyledons.—^Ilerbs or shrubs, with alter¬ 
nate or opposite, simple, not dotted leaves, and with die parts of the 
flower usually tetramerous. They inhabit cliiefly temperate regions, 
and are found abundandy in Europe, Asia, and America, and sparingly 
in Afifica. Some yield edible firuits, as Fuchsia, others furnish edible 
roots, as (Enoihera biennis. Many of them have mucihiginotjs proper¬ 
ties, while a few are astringent Trapa has unequal cotyledons. T. 
rtatans, Water Chestnut, and T. bkomis, remarkable for its homed 
fruit, both supply edible seeds. There are about 30 known genera, 
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and Inwards of460 species. Examples —(Enother.o, Epilobiura, Jussiavi, 
Montinia, Fuchsia, Ciraea, Gaura, Trapa. 

869. Order 81.—HniDrimmcete, the Mai-eVtoil Family. (Poii/pet. 
Epigtfn.) Calyx with a minute limb, which is either 3-4-divided or 
entire; it is soditimes reduced to a mere rim. Petals cpigynous or 
0. Stamens epigynous, equal in number to the petals, or twice as 
many, rarely fewer; when the petals are wanting, stamens often 1 or 
2. Ovary cohering with the tube of the calyx, witli 1 or more ceJLs, 
sometimes tetragonal or ctmipressed. Stylo 0, what is frequently calhsl 
the styles being the papulose stigmas, which are equal in number to 
the cells; ovules pendulous, anatropal. Fruit dry, indehiscent, mem¬ 
branous or bony, with 1 or more cells. Seed solituy or iu p-oirs, 
pendulous; albumen fleshy or thin; embryo straight, or slightly 
curved, in the axis of the albumen; cotyledons minute; radicle superior, 
long.—Herbs or undershrubs, oft;en ariuatic, with liirge air cavities, 
having alternate, opposite, or whorlcd leaves, and axillary, sessile 
flowers, which arc occasionally miise.xuaL They are found in ditches 
and lakes iu various parts of the world. They have no properties of 
importance. There are 8 known genera, and about 70 species. Exam- 
pies —Hippiuds, Myiiophyllum, Hidoragis, Callitriehc. 

870. Order 82.—|||paa«cvfc, the Cliili-Nettlc Fiunily. (Poli/itef. 

_».) Calyx 4-Vparted, jiersistcut, spreading in asstivation. 

Petds 5, cuculiate, epigynoms, alternate with the segments of the calyx, 
sometimes with an imicr row of 5, which are either sunilar to the outer 
or dissimilar; mstivation iuflexed, valvate, or twisted. Stamens oo, in 
several rows, distinct, or polyadelphous, each parcel being opposite tlie. 
outer petals; filaments subulate, uncqvud, the outer ones often sttulle. 
Ovary inferior, l-ceUed, with parietal placentas; ovules iinatropal; 
styles combined into 1; stigma 1 or several. Fruit capsular or suc¬ 
culent, 1-ccUcd. . Seeds without an arillus; embryo .straight, hi the 
axis of fleshy albumen; cotyledons small, flat; embryo pointing to the 
hilum.—^Herbaceous phmls, hispid with slinging lunrs, having ojipo - 
site or alternate exstipulate leaves, and axillary 1 -flowered pedimclcs. 
They are American plants, chiefly distinguished for their stinging 
(jiuditics, and hence the name of Chili-Nettle. There are 15 genera 
enumerated by Lindley, including 70 species. Examples —^i.ioasa, 
Mcnteelia, Gronovia. 

871. Order 83.—C3ncnrbitBcc«!, the Cucumber Family. {Polypel.ar 
Monofiet Epigyn. and IHclines.) Calyx h-tooihed (figs. 390 I, 006 <;), 
.sometimes obsolete. Petals 6, distinct, or more or less united, some¬ 
times scarcely distinguishable from tlie calyx, strongly miuked with 
reticulated veins (figs. 396p, OOO/i), sometimes fringed. Stamens 6, 
distinct or united in one or three parcels, atUiclicd to tlie petals (fig. 
006 «); anth^ bilocular, sinuous (figs. 332, 607 «); ovary (figs. 
396 0 , 008 c o) adlicring to the tube of the calyx, 1-celled, formed l>y 
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;{ carpels, and having 3 parietal placentas (fig. 609), which somethnes 
j)rojcct so as to join in the centre, the ovules remrining attached to 
the curved free edges; ovules solitary or indefinite (fig. 609), anatro- 
pal; styles short; stigmas very tliick, velvety or fringed (fig. 608 s). 
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Fruit a pepo 551). Seeds fiat and ovate (fig. CIO), euveloj>ed in a 
juicy or dry and membranous covering; testa coriaceous; albumen 0; 
emlayo straight (figs. CIO c, fill); cotyledons leafy and veined; radicle 
uext the hilum.—^Herbaceous plants, with succulent stems, climbing by 
moans of lateral tendrils, wliich are transformed stipules; leaves al- 
1 ornate and palmate, covered with asperities; llowcrs generally unisex¬ 
ual. They are natives of warm climates chiefly, and abound in India. 
'I'liere are nearly CO known genera, and about 300 species. Kxcunpks 
—Cucurbitii, Cucumis, Momordica, Bryonia, Tellairia. 

872. A certiiin degree of acridity pervades the order, and many of 
the jfJants are drastic pm’gatives. In some cases, however, more 

iKKWm.—OrpuiHOffructlflcntion of CiicurVitacpa?. 

I WW.—Jhilt flower of Ouemnis mitivus, (/onimoii Oiicun)}>er) laid oiten to show the interior 
of :t. c, iKdividod calyx, p, L’nited jxitals, by some eoiisldorefl as being an intcnial (*»louw*d 
tvdyx. Eiiiffy tons stHinens. 

1” 1K)7.--Stam{‘ns seiuimted. /, Filament. Tding ^nuous anther. 

Fig. K)M.—Female flower, co. Calyx adherent to the ovary. United petals, s, Thlek vel- 
vi.d-y si .. 

Fig. -lloi'iisontal section of the ovary, showing its dhislon into three, by iimjections fnrni 
the paiiutal iilaeentas, to wliieli the iiidefliilto ovules we attmihml. 

I‘1g. [il0.>~Aiiatroi)al seed cut vcrtlenlly. t, Sponuodenn swoUeu at the ehalaxn. r, Embryo. 

Fig. 6H.—Embryo^ficparutcd. r, Hadiclc. Cotyledons. 
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especiaJly under cnldyation, the finiits are eatable. Instances of edible 
firuits are seen in the case of the Melon, Cucumber, Gourd, Piunpkin, 
Squash, and Vegetable Marrow. The genus Oummis contains the 
Melon and Cucumber, with edible fruits, and the Colocynth with purga¬ 
tive fruit. Much discussion has taken place in regard to the structure 
of the fruit in this genus, and in Cucurbitacese in general. Some have 
considered it an anomaly in vegetable stnicture, from the apparent 
formation of the placenta and ventral suture externally, as if the usual 
position of the carpels were reversed. It would appear, however, as 
shown by lindlcy, that the placentas follow the ordiniixy law. They 
are parietal, and curve in a peculiar way, bearing the seeds on their 
curvature; at the same time prolongations are .sent inwards, which 
often meet in the centre. Stocks and others consider the carpels as 
being involute, and they trace this involution particularly in Lvffa 
pentandra. Citcumis Voloci/ntJiis, or Cifrullus ColocyntJiis, yields a 
globular fruit called Goloquintida, or Bitter Ajjple, the pulp of which 
constitutes the medicinal Colocynth. It is imported from the Levant 
and the coasts of the Mcditerrancau. It is used in the form of powder 
and extract as an irritant cathartic. 'Ihe plant is supposed to be 
the nspo, or Wild Gourd of Scripture. Momordica, Elnterinm or Ecba- 
lium agreste, the Wild or Squirting Cucumber, is so called on account 
of the force with which its seeds are expelled when ripe. The fruit, 
by a process of endosmose going on in the cells, becomes distended, 
and ititimately gives way at the weakest part, where the i)eduncle is 
tmited to it. In sq)arating from the stalk, the elasticity of the parietes 
comes into play, so as to discharge the brown seeds and slimy juice 
through the aperture at the base of the fruit. Tlie fectilence which 
.subsides from the juice constitutes the medicinal Klateriurn, which is 
used in small doses of ^^ a grain, as a violent cathartic, especially 
in dropsical cases. The active principle is Elatcrin. The roots of 
Bryonia alba and dioica are also powerful purgatives. The fruit of 
various species of Gourd, jis Cumirbita Pepo, the White Gourd, and 
G. maamna, the Red Gourd, C. ovifem, the Vegetable Mtirrow, are used 
as potherbs; while C. Citrullns, the Water Melon, is prized for its 
cool refreshing juice. The fh.ut of Lagenarki vulgaris, in consequence 
of having a hard outer covering, is used as a vessel for containing fluid, 
after the pulp and seeds are removed. It is hence called Bottle 
Gourd. The seeds of the plants in this order frequently supply a 
bland oil. The seeds of Telfairia pedrtta are as large as Chestnuts, 
and are used as food. 

878. Order 84.—paparaoae, the Papaw Family. {Monupet. 
Polypi. Epigyn. and DicUnes.) Calyx minute, 5-toothed. Corolla 
monopctalous, inserted hito the base of the calyx; in the male, tubular 
■and 5-lobed; in the female, divided nearly to the base into 5 segments. 
In the section Fangiese the sepals and petals are distinct. Stamens 
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10, inserted into the throat of the corolla; anthers biloculai-, introrse, 
innate, dehiscing longitudinally. Ovary free, 1-celled; ovules inde¬ 
finite, attached to 5 parietal placentas; stigma 5-lobed, lacerated. 
Fruit usually succulent and indchiscent, sometimes capsular and dehis¬ 
cent, 1-celled. Seeds oo, enveloped in a loose mucous coat, parietal; 
s))ermodcrm brittle, pitt^; embryo in the a.xis of fleshy albumen; 
cotyledons flat; radicle slender, turned towards the hilum.—^Trees or 
slirubs, not branching, with alternate lobed leaves, supported on long 
slender petioles, and with imiscxual flowers. They are found in South 
America, and in other warm countries. One of the most important 
])lants of the order is Carica Papaya, tire Papaw-tree, which pelds an 
acrid milky juice, and an edible fruit. The tree is said to have the 
property of rendeiing meat tender. The juice of the unripe fruit and 
the see^ are said to act as anthelmintics. The order has been divided 
into three sections:—1. Cariceaj, corolla monopetalous, fruit succulent 
and indchiscent. 2. Modeccea;, corolla monopetalous, fruit capsular 
and dehiscent. 3. Pangiea;, corolla polypctalous. There are 11 known 
genera, including 29 si>ecics. Examples —Carica, Modecca, Pangium. 

874. Order 85.—^Beivisiaccie, the Belvisia Family. (Jdonopet. 
Epigyn.) ('alyx gamosepalous, persistent, limb divided into 5 thick 
ovate segments; wstivation valvate. Petals inserted in tlie tube of the 
e-alyx, united more or less, and forming 3 verticils, the innermost of 
which may be considered as an altered staminal row; the outer petal- 
ine verticil consists of 5 plaited lobes, each of which are 7-toothed, 
and have 7 feathered ribs; the second petaline verticil is cut into a 
number of iiaiTow segments; while the third is an inconspicuous cup- 
like ring, with its edge minutely divided. Stamens oc, united at their 
biise so as to be inonadelphous, or rmc(iually polyadelphous; filaments 
curved inwm'ds; anthers dithecal, oblong. Ovary surrounded by a 
fleshy disk, and adherent to the tube of the calyx, 5-celled; ovules 2 
in each cell, attached to a central placenta, nucleus curved; style 5- 
augled; stigma broad, flat, pentagonal. Fruit a large fleshy rounded 
berry, crowned by the lobes of the cfdyx. Seeds large, kidney-shaped; 
cotyledons plano-convex; radicle and plumtde immersed in their sub¬ 
stance.—Shrubs, with idternatc, simple, coriaceous, exstiptdate leaves; 
and axillary flowers oflen in sets of three. They are tropical, chiefly 
African. Some of them ai-e used as astringents. Their place in the 
natiunl system is not well determined; some placing the order next 
Pa^siiJoraceaj, others near Symplocacese, and Lindley recognizing its 
iiflinity to llhizophoraceas. There are 2 genera and 4 species. Exam- 
j>les —^Belvisia (Napoleona), Asteranthos. 

875. Order 86.—PMrffloracete, the Passion-flower Family. (Poly- 
just. Perigyn.) Sepals 5, combined below into a more or less elongated 
tube. Petals 5, perigynous, often witli filamentous or annular pro¬ 
cesses on their inside, wliich appear to be an altered whorl or whorls 
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of, petals, occasionally -wanting, imbricated in aestivation. Staunens o, 
intMutdelphons, surroamding the gynophore -when present, rarely oo, 
nquclly with processes from the thalamus, interposed between tliem 
and the petals; anthers dithecal, extrorse, versatile, dehiscing longi- 
tudina^j^; pollen-grains sometimes bursting by opercula (fig. 354). 
Ovary l-celled, often with a gynophore 437); o-vules anatropal, oc ; 
styles 3; stigmas dilated. Fruit often stipitate, l-celled, sometimes 
S-valved, opening by loculicidal dehiscence, or succulent and indehis- 
oent. Seeds oo, attached to parietal placentas, arillate, or strophiolate; 
spermoderm brittle and sculptured; embryo straight in Ihe midst of 
thin fleshy albumen; radicle pointing to the hihim.—^Ilerbs or shrubs, 
often climbing, with alternate, stipulate or exstipulate leaves. The 
order has been di-vided into three suborders:—1. Paropsieaa, plants 
not climbing, with a sessile ovary, arillate seeds, and exstipulate leaves. 
2. Passiflorese, climbing plants -with a stalked ovary, arillate seeds, 
stipulate leaves, and glandulfu’ petioles. 3. Maleshcrbiese, plants not 
cluubing, with a staUted ovary, style below the apex of the ovary, 
strophiolate seeds, and exstipukte leaves. They are natives cliiefly of 
.warm climates, and are found in America, the East and West Indies. 
There are 14 known genera, and 216 species. Examples —^Paropsia, 
Smeathmannia, Passiflora, Tacsonia, Maleslierbia. 

876. Considerable discussion has taken jdace as to the tnie natuu' 
of the calyx and corolla in Passilloracca:. Lindley supports the view 
here given. Others consider the calyx as consisting of toi sepals in 
two rows, the inner more or less pctaloid, and they look on the petals as 

■ either wanting, or existing in the form of filamentous or annular pro¬ 
cesses. The name Passion-'flower was given on account of a fancied 
resemblance in the flowers to the appearances presented at Calvary. 
In the five anthers the superstitious monks saw a resemblance to the 
wounds of Clirist; in the triple style, the three nails on the cross; in the 
ccittral gjmophore, the pillar of the cross; and in the filamentous pro¬ 
cesses, me rays of light round the Saviour, or the crown of thorns. 
Many of the plants, such as Passiflora fpiadrmirfuUtris and rdtilh-, 
Grenadillas, yield edible firuits, the pulp or succulent arillus being 
fragrant and cooling. Others are bitter and astringent, and some are. 
said to be narcotic. 

877. Order 87.—TnrnemcesB, the 'Pumera Family. (Polypet. 
Perigyn.') Calyx -with 5 equal lobes; asstivation imbricated. Petals 
.9, perigjmous, equal; sestivation twisted. Stamens 5, perigynous, 
alternating wMi the petals; filaments distinct; anthers dithecal, innate, 
oblong.. Ovary free, l-celled, -with 3 parietal placentas; o-vnles oo, 
anatropal; styles more or less cohering, or forked; stigmas multifid. 
Fruit a 1-celled, S-valved capsule, dehiscing only h^-way down, in a 
locuHddal manner. Seeds crustaceous, reticulated, arillate on one 
ride; embryo riightly curved, in the midst of fleshy albumen; cotyle- 
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(Ions plano-opnvfex; radicle pointing to Ijie hilnin.—^Herbaoepiis 
somewhat shrubby plants, occasionally with stellate pubescenc®, haraig- 
alternate, exstipulate leaves, and frequently two. gl^ds at the apex of 
the petiole. T^ey are natives of the West . Indies and ‘South America. 
They are not put to any important use. landley ^es 2 generaj.in- 
clucUng 60 species. Examples —^Tumera, Piriqueta. 

878. Order 88.—PonniBCBce*, the Purslane Family. (Polypet. 
Perkpjn^ Sepals 2, cohering at the base. Petals usually 5, rarely 
wanting, distinct or cohering at the base, sometimes hypogynous. 
Stamens usually perigynous, variable in number, all fertile, sometimes 
opposite the petals; filaments distinct; anthers versatile, bilocular, 
with longitudmal dehiscence. Ovary free or partially adherent, 1- 
ceUed, formed by 3 rniited carpels; style single or 0; stigmas several 
Fruit capsular, 1-celled, opening by circumscLssile dAiscenoe, or by 3 
valves, occasionally monospermous andindehiscent. Seeds numerous or 
definite, or solita]^, attached to a' central placenta; albumen fexina- 
ceous; embryo peripherical; radicle long.—Succulent shrubs or herbs, 
with alternate, seldom opposite, entire, exstipulate leaves, often having 
iiairs in their axils. Tliey are fouiwl m various parts of the world, 
chiefly, however, in South America and at the Cape of Good Hope. 
They have a great .affinity to Caryopllyllacea), from whidi they are 
cluelly distinguished by their bisepdous calyx, perigynous stamens, 
and transversely dehiscent capsule. Lindlcy places this and the suc¬ 
ceeding order among hypogynous Exogens, next to Caiyophyllace®. 
The plants belonging to the order have few properties of importance. 
They are insipid and destitute of odour. Portnlaca ohrmea, common 
Furslane, is used as a potherb. The tuberous roots of Claytama 
tolerosa, a Siberian plant, arc esaten; and those of Melloca.(UUuam),, 
I'liberosa, a native of I’eni, have been recommended as a substitute for 
the potato. TIctc are 12 known genera, and 184 species. Examples 
—Portnlaca, Taliutun, Calandrinia, Claytonia, Montia. 

879. Order 89.—Paronycbiactw, the Knotwort Family. (Polypet. 
Periyyn.) Sepals 4-5, disthict or cohering. Petals perig 3 mous, be¬ 
tween tlie divirions of the calyx, usually inconspicuous, sometimes 0. 
•Stamens usually perigynous, sometimes hypogynous, opposite to the 
sepals when equal to them in number, some of them occasiohally 
wanting; filaments distinct, rarely united; anthers bilocular. Ovary 
superior, with one or more ovules; styles 2-3, distinct or combined. 
Fruit unilocular, either a utricle covered by the calyx, or a 3-valved 
capsule. Seeds either numerous, attached to a free central placenta, 
or solitary and pendulous from a long ftinicnlus arising from the base 
of the fimit Embryo more or less curved, lying on one side of ihe 
farinaceous albumen, or surrounding it.—^Heibaceous or somewhat 
shrubby plants, with opposite or alternate, sometimes setaceous and 
clustered leaves, which are either exstipulate or have scarious stipules. 
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Fonjid in barren places in various paorts of Europe, Asia, and Nortli 
America. They have no known properties of importance. The order 
has been divided into two sections:—1. Blecebreee, with the embryo 
lying.on one side of the albumen, and stipulate leaves. 2. Sderanthese, 
with a peripherical embryo, tod exstipulate leaves. There are 28 
known genera, and nearly 120 species. Examples —^Paronychia, Hle- 
cebrum, Polycarpon, Corrigiola, Sderantlius. 

880. Order 90.—onmaiocNe, the Houseleek Family (figs. 535, 
686). {Polypet. Perigyn.) Sepals 8-20, more or less united at the 
base (fig. 258 c c). Petals equal to the sepals in ntunber, inserted in 
the bottom of the calyx (fig. 258 p p), either distinct or cohering in a 
gamcpetalous corolla. Stamens inserted with the petals, either equal 
to them in number, and alternate with them (fig. 258 e e), or twice as 
many, those opposite the petals being shortest; sometimes one or two 
rows of abortive stamens; filaments distinct, or united, subulate; 
anthers bilocular, dehiscing longitudinally or transversely. Abortive 
stamens or scales (sometimes obsolete), at the base of each carpel (fig. 
258 a a). Carpels equal in number to the petals and opposite to them, 
1-ceUed (fig. 258 o o), sometimes consolidated; styles several or com¬ 
bined ; stigmas pointed or 4-comered; ovules 00, or definite, anatro- 
pal. Fruit consisting of several follicles, dehiscing by the ventral 
suture, sometimes by tlie dorsal suture. Seeds variable in number; 
embryo straight, in tlie midst of fleshy albumen; radicle pointing to 
the mlum.—^Herbaceous plants or shrubs, often succulent, with simple, 
entire, or pinnatifid, exstipulate leaves. They are formd in the driest 
situations, as on rocks, wdls, and sandy pkuns, in various parts of the 
world, ^me of them are acrid, as S&ktrn aore, Biting Stonecrop; 
others are reftigerant, firom the presence of an acid, such as malic acid. 
^StoyjcnatmjatectoramiscommonlyknownasthcHousclcefc. Efyophyllmn 
caJIycmim is remarkable for the property of producing germinating 
buds at the edges of its leaves (*|f 199). There are two suborders:— 
1. Semperviveffi, with carpella^ scales, numerous separate carpels in 
the pistih 2. Galaciete or Francoem, without true scales, pistil con- 
8oli<^ted. There are 25 genera, and about 460 species. Examples 
—Crassula, Sempervivum, Cotyledon, Sedrun, Penthorum, Galax, 
Francoa. 

881. Order 91.—^Ficotdece or iHeMmbiTaceie, the Ficoid or Mesem- 
biyanthemum Family. {Polypet. Perigyn.) Sepals definite, usually 
8, but varying from 4-8, more or less combined at the base, adherent 
to the ovary or distinct from it, equal or unequal; mstivation valvate 
or imbricate. Petals indefinite, coloured, sometimes 0. Stamens 
perigynous, distinct, definite or indefinite; anthers oblong, incumbent. 
Ovary Usually many-cdled; stigmas several, distinct; o^es 00, ana- 
tropal or amphitropal, attached by cords to the placenta, which is 
either central or parietal Fruit a mony-ceUed capsule, opening in 
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n stellate or circomscissile maaner at tlie apex, or aa iadeliiscent nut^ 
Seeds 00, rarely definite or even solitary; embryo curved or spiral, 
on tbe outside of mealy albumen; radicle next the hilum.—Herb^ous , 
or shrubby succulent plants, with opposite or alternate simple leaves. 
They are found in warm regions chiefly. The greater part of them 
grow at the Cape of Good Hope. The order has been divided into three 
sections:—1. Mesembiyea), numerous conspicuous petals, many celled 
capsule, witli stellate dehiscence. 2. Tetragonieae, petals 0, firuit woody 
and indehLscent. 3. Sc.suvc8e, petals 0, capsule with circumsdssile de¬ 
hiscence. There are 16 known genera, and 440 species. Examples — 
Mesembryanthemum, Tetragonia, Aizoon, Sesuvium. 

Some of them arc used as articles of diet, as the leaves of Me- 
seitibri/anOmmm eduk, Hottentot’s Fig, and Tetragonia expansa, New 
Zealand Spinacli. Others yield soda, and have been employed in the 
manufactiu’e of glass. Mesemlnyanthemum aystalUmm, the Ice-plant, 
is remarkable for the watery vesicles which cover its surface, and which 
have the appearfmcc of pieces of ice. Tlie seed-vessels of some specie 
of Mesenihrgaiitimmm, as M. Tripolium, have the property of expand¬ 
ing in a star-like manner when put into water, and closing when dry. 
Tlie flowers of many of the plants of the order e.xhibit the pheno¬ 
menon of opening only under the mlluence of sunshine, and closing 
in didl weather (if 483). 

882. Order 92.—Cactaceie, die Cactus or Indian Fig Family. (Poly¬ 
pci. Epiijyit.) Sejials numerous, usually oo, and confounded with the 
IHitals, adherent to the ovary. Petals niraierous, usually indefinite, 
sometimes irregular, inserted at the orifice of the calyx. Stamens 
indefinite, cohering more or less with the petals and sepals; filaments 
long, filiform; antiiers ovate, versatile.. Ovary fleshy, inferior, unilo¬ 
cular; style filiform; stigmas numerous; ovrdes oo, attached to parietal 
placentas equal in number to the stigmas. Fruit succulent, 1-ceUed. 
Seeds 00 , parietal, or, after losing their adhesion to the placenta, nest¬ 
ling in pulp, ovate or obovate; albumen 0; embryo straight, curved 
or spiral; cotyledons thick, leafy, sometimes nearly obsolete; radicle 
thiclq obtuse, next the liilum.—Succulent shrubs, with peculw angu¬ 
lar or flattened stems, having the woody matter often arranged in 
wedges. Leaves usually absent; when present, fleshy, smooth, entire, 
or spinous. Flower sessile, sometimes showy. They grow in hot, 
dry, and exposed places, and are natives chiefly of the tropical parts 
of America. Some grow rapidly on the lava in volcanic countries. 
There are 16 known genera, and about 800 species. Examples— 
Opunti^ Melocactus, Mammillaria, Echinocactus, Cereus, Epipbyllum, 
Pereskia, Ehipsalis. 

883. The plants of this order are remarkable for their succulence, 
for the great development of their cellular tissue, and the anomalous 
forms of their stems, some of which attain a great size. In their struo- 
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OTre.nraaerous spiral cells are met with, aild in many cases the fibre in 
hcise cells is interruptfed so as to present thickened rings united by 
nembrane. These rings, ■when the cells are macerated, can be ob- 
ained in a firee state. Many of the plants in this order show a remark- 
ible tendency to spiral development. The setss, spines, and hairs, are 
jometimes arranged spirally, and in Cereus Jli^elUformis the c<^ of the 
letffi have this tendency. * Many of them yidd an edible frait, which 
s sometimes refi'eshing and agreeable, at other times insipid. The 
init of PeresTda acukaia, under the name of Barbadoes Gooseberry, is 
jsed in the West Indies as an article of diet. That of Optintkt vulgm-ix 
s known under the name erf Prickly Pear. The juice of the fimit of 
some species is subadd, and has sometimes been used as a refiigerant. 
Cattle sometimes feed on the sucerdent stems in dry seasons. ■ Some of 
the plants are noted as night-flowering 484). Gereus grmvdiJkrrvH 
expands its large white blossoms about 10 p.m. in our hothouses, and 
iheir beauty lasts only for the night. Such is also the case with 
Gereus 'nyctkalus. A plant of the latter species, in the Glasgow Botanic 
warden, began to open its flowers between 7 and 8 P.M., and they were 
uUy opened at 10. The following were the numbers and sizes of the 
iraiious parts:— 


Length of the tnbe of the calyx,. 

Length of the petals,. 

Length of the style,. 

Breadth of flower when fully expanded,. 

Kumber of long sepals,. 

Number of short sepals,. 

Number of petals,. 

Number of stamens. 

Number of stigmas,. 


7 inches. 
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. 75 
. 20 
. 25 
.400 
. 15 


rhe size to which some of the Cacttis family grow may be illnstrated 
Dy a qrecimen of EcMnocactus Viznaya, imported into Kew gardens 
xom the mountains of San Luis, Potosi:— 


Weight of the plant,.713 lbs. 

Height from surface of the earth,.4^ feet. 

Measured over the top from the ground on each side,.., .10 feet 9 inches. 

Circumference at 1 foot from tho ground,. 8 feet 7 inches. 

Number of deep angles or costm,...44 

Number of spines,.8800 


In Brazil, sonjp epiphytic Cactuses are met with; and there are some 
sp«aes described by Gardner as attaining a height of thirty feet, with a 
cirbrunfarence of three feet. Opuntia cochmellifera, and other species, 
' are m&^d l^lbe Coccus Cacti, or the cochineal insect, which feeds 
upon them. Tbe plants are cultivated in what are called nopaleries, 
" fem the . sake of l3ie insect, the females of which, when dried, constitute 
liSe cochineal of commerce. 
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884. Order 93.—OroMniariacefe, the Oooseberry and CurrMit ‘ 
Family. (Polypet. Epigyri.) Calyx 4-5-cleft, regular, ooloijjred. Petals 
minute, perigynous, equal in number to the. segments of the calyx, 
iuid alternate with them. Stamens 4-5, alternate with the petals, and 
inserted into the throat of the calyx; filaments short; anthers dithecal. 
Ovary unilocular, adherent to the tube of the calyx; ovules oc, anatro- 
pal, attached to two opposite parietal placentas; style single, 2-4-cleft. 
Fruit a 1 -celled berry, crowned witli the remains of the flower. Seeds 
oc, immersed in pulp, and attached to the placentas by long thread-, 
like funiculi; spermoderm gelatinous externally; albumen homy; 
embryo straight, minute; r^icle iiointing to Ae hilum.—Shrubs, 
rvith alternate lobed leaves, having a plicate vernation. They are 
natives of temperate rej^ons, and are found in Europe, Asia, and 
America. Many yield edible ftnits, which sometimes contain malic 
acid. The various Icings of Gooseberry (JRibes Grosmlaria), and Cur- 
nmt (Biftes rubrum and myrum) belong to this order. It contains 2 or 
3 genera, and nearly 100 species. Example —Kibes. 

885. Order 94.—sozifragaccir, the Saxifrage Family. (Polypet. 
Perigyn.) Calyx superior, or more or less inferior (fig. 397 c c); sepals 
usually 5, more or less cohering at the base. Petals usually 5, peri¬ 
gynous, alternate with the lobes of the calyx (fig. 397 p p), rardy 0. 
Stamens perigynous (fig. 397 e), 5-10 or bo, in 1 or more rows; an¬ 
thers bilocuW, with longitudinal or porous dcliiscence. Disk often 
present, either' annular or scaly. Ovary more or less completely united 
to the tube of the calyx, consisting usually of two carpels, cohering by 
their lace (figs. 397, 398 o), but distinct and diverging at tlie apex; 
styles as many as the carp«^ distinct (fig. 398 1) or cornbined; stigmas 
capitate (tig. 398 s) or davate. Placentas (fig. 398 p) marginal (basal 
or apicilar), rarely central. Fruit generally a 1-2-c^ed capsule, the • 
cdls dehiscing at the ventral suture, and often divaricating when ripe. 
Seeds usually oo, rardy definite; spermoderm often reticulated; em¬ 
bryo small, in the axis of fleshy albumen; radicle pointing to the 
liilum.—Shrubs or trees, or herbs, with alternate or opposite, usually 
exstipulate leaves. They are generally natives of temperate climates, 
and some of them characterize alpine districts. The order has been 
divided into the foUowdng suborders:—1. Escalloniea;, petals and 
stamens 5; ovaiy inferior; style simple; albmnen oily; evergreen 
shrubs, with alternate, simple, exstipulate leaves, found in the temperate 
regions of South America, often at a great elevation. 2. Cunonieas,; 
petals 4-5 or 0; stamens 8-10 or oo ; ovary half infferior; styles 2, 
distinct or combined; trees or shrubs, with opposite leaves, having 
interpetiolary stipules; found in South America, the East Indies, 
south of Africa, and Australasia. 8. Hydrangeas, petals 4-6; stamens 
8-12 or 00 ; anthers sometimes biporose; ovary more or less ihferior; 
styles 2-5, usually distinct; shrubs with opposite, sometimes whoried. 
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' exstipTilate leaves, and flowers, frequently oymose, with die exterior 
• flowers sterile and dilated; found chiefly in the temperate parts of Asia 
and .America. 4. Saxifragesc, petals 5 or 0; stamens 5-10; ovary 
more or less adherent; styles usually 2, and distinct; herbs, with 
. alternate, usually exstipulate leaves, found in the mountainous regions 
of Europe, &c. Pew of the plants are put to any use. Some of them 
are astringent, and used for tanning; others have bitter tonic proper¬ 
ties. In the entire order there are 57 known genera, and upwards 
of 900 species. Emmples —^Escallonia, Itea, Cunonia, Weinmannia, 

’ Hydrangea, Bauera, Saxifruga, Chiysosplenium, Heuchera. 

886. Order 95.—^Braaiaceie, theBruniaPaniily. (Polypet.Epigi/n.) 
Gal 3 rx 5-cleft; aestivation imbricated. Petals inserted in the throat of 
the calyx, and alternate with its segments. Stamens alternate with the 
petals, arising from them,.or from a disk surrounding the ovary; an¬ 
thers introrse, 2-celled, with longitudinal dehiscence. Ovary usudly 
adherent to the tube of the calyx, and 1-3-celled; ovules anatropal, 
suspended, 1 or 2 in each cell; style simple or bifid; stigmas 1-3. 
Fruit either bicoccous and 2-celled, or indehiscent and 1-celled, 
crowned by the persistent calyx. Seeds solitary or in pairs, suspended, 
sometimes with a short arillus; embryo minute, at the base of fleshy 
albumen; cotyledons short and fleshy; radicle conical, next the hilum. 
—^Branched heath-like shrubs, with small, imbricated, rigid, and entire 
leaves, and small, often capitate flowers. ITiey are natives principally 
of the Cape of Good Hope, and have no important properties. There 
are 15 known genera according to Lindlcy, and 65 species. Examples 
—Brunia, Staavia, Ophiria. 

887. Order 96.—the Witch-hazel Family. (Poly¬ 
pi Epigyn.) Calyx 4-5-lobed or truncate. Petals 4-5 or 0, inserted 
oh the ctdyx, alternating with the calycine segments. Stamens twice 
as many as the petals, in two rows, one of which alternates with the 
petals and is fertoe, the other is opposite to them and sterile; anthers 
bilocular, introrse. ■ Ovary adherent, 2-celled; ovules solitary, or 
several (in Bucklandia and Sedgwickia), pendulous or suspended; styles 
2. Fruit a 2-oeUed, 2-valved capsul^ opening by loculicidal dehis¬ 
cence. Seeds pendulous; embryo straight, in the axis of fleshy albu¬ 
men; cotyledons leafy; radicle superior.—Bhrubs or small trees, with 
alternate, petiolate, feather-veine^ and stipulate leaves, and . small 
-axillary, bracteated, often unisexual flowers. They are found in various 
parts .pf Asia, Afrnca, and America. The seeds of HamameUs vifgimca 
are used as food, wMe its leaves and bark are astringent and acrid. 
Lindley notices 10 genera, including 15 species. Examples —^Hama- 
melis, Fotbergilla, Bucklandia. 

888. Ot^er 97.— Cmbeiurene, the Umbelliferous Family (figs. 612- 
616), Apu|ee» of Lindley. (Polypet Epigyn.) Calyx superior, 5- 

^jioolhed or entire. Petals 5, inserted on the outside of a fleshy' epi- 
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gynous disk, oflm \rith inflexed points ^figs. 282, 813). Stamens a,, 
alternate with the petals," inenirved in sestkation (figs. 613, 614), 
Ovary inferior, 2-celled, crowned with a double disk or stylopod (fig. 
614 g e); ovules splitaiy, pendulous; styles 2, distinct (fig. 454 s s); 
stigmas simple. SVuit (fegs. 615, 616) a cremocarp (If 543), consist¬ 
ing of two adiienia (mericarps or hemiearps), which adhere by their 



face (commissure) to a common axis (carpophore), from which they 
sqwrate, and are suspended when ripe (fig. 454 a ,); each mericarp is 
traversed by five primary longitudini ridges (jugaj), and often by four 
alt ernating secondary ones, the ridges "being separated by chaimels 
(valleculffl). In the substance of the pericarp there are frequently vitta? 
containing oil, which are usually opposite the channels. Seeds pendulous 
(fig. 616 S'), usually adherent to the pericarp, rarely loose; embryo 
minute, at the base of abundant homy albumen (fig. 616 e); radicle 
pointing to the hilum.—^Herbaceous plants, often vrith hollow and fur¬ 
rowed stems, with alternate, rarely opposite, variously divided, sheath- 


Fip:R. K12>616.—Organs of ftuctdflcation of Dauciu Garota, common Carrot, to Ulnstrate tiie 
natm.-J order UmbeUiferfe. 

612.>--I>iagrain of the flower, with a fi>toothed calpc, fi inflexed petals, 5 stoxnenN and 
tVnii flnmedby 2 carpels, with primary and secondary ridg^ vaJlecule, cmn^ssuie, ana flat 
albumen. 

Fig. 618._The flower viewed from above, showing the petals with inflexed points and 6 Bta> 
mras. g e, ^igynons disk or siyl(^>od. 

Fig. vemcal section of the flower, p. Petals with inflexed points, s, Stamens, one 
Incoryed at the apex, o, Ovary formed by two carpels, adherent to tbe calyx throughont 
«, Styles and stigmas, g e. Epig^ous disk or stylopod. 

Fig. ^6.—Horisontal section of the fruit (cremocarp) with bristly ridgea 

Fig, 616.~>VerUcal section of the cremocarp. /, Pericam Seed, Flat periqpenn. 
Embryo. 
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ing leaves, (w!uo}j eometames assume the appearance of pliyllodia), and 
with ^beUate, Involucrate flowefs (fig. 241). They are found chiefly 
in tlteiittorthem parts of the northern hemisphere. In warm countries 
tbw occur at. high elevations. The order has been divided according 
to the niunber and size of the pericarpial ridges, the presence or ab¬ 
sence of vittaj, and the form of the albumen. Ihe following are the 
several sections, which, however, are not considered altogether satis¬ 
factory:—1. Orthospermaj (egfo;, straight, and atci^fna,, seed), albumen 
flat on the inner face, neither involute nor convolute. 2. Campy- 
losperin® inflected), albumen curved at tlie margins, so 

as to form a longitudinal furrow. 3. Cmlosperm® (xsi/ef, concave), 
albumen curved at the ends (fi-om base to apex). Lindley enumer¬ 
ates 267 genera, including 1500 species. Example —^Hydrocotyle, 
Eryngium, Apiuni, Bupleurmn, ASthusa, Angelica, Heraclcum, 
Daucus, Myrrhis, Conium, Coriandrum. 

889; The properties of the plants of tliis order are various. Some 
yield articles of diet, others gum-resinous and oily substances, while 
others are hig hly poisonous. According to their qualities, the species 
have been divided into—1. Those which are harmless, and arc used as 
opulent vegetables. 2. Those producing a gum-resin, often having a 
fetid odour from die presence of a sulphur-oil, and wliich are used as 
antispasm odics and stimulants. 3. Those yielding a volatile oil, which 
renders them carminative and aromatic. 4. Tliose which are jtoison- 
ous, in consequence of the presence of an acrid and narcotic juice. 

890. Among esculent species may be noticed— Daucus Carotn (Car¬ 
rot), Pastinaca sativa (Parsnip), Apium graveokm (Celery), Fcemculum 
vuigare (Fennel), Petroselimm sativum (Parsley), Anthrisms CerefoUum 
(Chervil), Siam Sisanm{Sk.ietet), and ArdumgeUca officinalis (Angehca). 
Crithmum maritimum Ls the Samphire, wliich grows abundantly on rocks 
near the sea, and is used as a pickle. The roots of AiTomcha eseulmta, 
a native of Grenada, have been recommended as a substitute for the 
potato. Tlie tubers of Bunium Bulkjcastanum and Jiexuosum are eaten 
under the name of Pig-nuts or Earth-nuts. Prangos pdlmlaria, a plant 
of Southern Tartary, is highly recommended as fodder for cattle. 

891. Many species yield milky juices, which concrete into a fetid 
gum-resin. As^oetida is procured from the Ferula Assafaitida of Lin- 
nasus, which has recently been described by Dr. Falconer under the 
name of Narthex Assafeetida. The plant is foimd in Persia and Affghan- 
istan, and seeds of it have been sent to this country by Dr. Falconer, 
-some of which have germinated in the Echnburgh Botanic Garden, 
and are now vigorous thriving plants of five years’ growth. The fhiit 
of the plant is distinguished by divided and interrupted vittaa, which 
form a network on tlie surface, and its leaves have a resemblance to 
those of a Peeoi^. It woidd appear that Ferula persica, a plant with 
Very much divided leaves, yields an inferior sort of asstfoctida. The 
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iissafwtida is procured by taking successive slices off the top of the root, 
and collecting the milky juice which is allowed to concrete in masses. 
It consists of resinous and gummy matter, with a sulphur-oil similar 
to that of Garlic, which is probably its active ingredient. It is employed 
medicinally in substance or tincture, as a stimulant, antispasmodic, and 
anthelmintic. Ammonisic, another fetid gum-resin, is the produce of 
Dorema Aimnomaeum (probably jbmmestm gummifceum of Jaubert. 
and Spach), a native of Persia. It contains resin, gum, and volatile 
oil, and is used mcdichmEy as a stimulant, antispasm^c, and expecto¬ 
rant. Galbanmu, which seems to be the ruj^ of Scripture, is pro¬ 
cured, in all probability, fiom OpouMa ffolbanifera of Lindlcy. There 
are doubts, however, as to its botanic^ source. Don referred it to 
GaJbamm officinale. It consists of resin, gurn, and volatile oil, and is 
msed as an antispsismodic and emmenagogue. Opoponax is anotbei- 
gum-resin, procured from Opojmaa; Chirotmm (Pastinaca Opoponax)^ 
a native of the southern parts of Europe. Sagapenum seems to be the 
produce of a .species of Ferula. , 

892. 'lihere are other sj)ecies which supply a carminative and 
aromatic oil. From the fhiits of Carum Carui, which are commonly 
called Caraway seeds, a volatile oU of this nature is procured. Oils ,of 
a similar kind are obtsuned fiou» the fruit of Phnpinella Ankum 
(Anise), from that of Fomkudum milgare^ or F. dulce (common Fennel), 
Anethuvi g-raveolens (common Dill), Coriandrum mtimm (Coriander) 
tlic 13 of the Bible, Cummum Oyminum (Cumin), AnhangeUca offici¬ 
nalis (Garden Angelica), luid Ikmcus Carota (Carrot). 

893, In regard to the poisonous species of this order, there is still 
much to be learned. They appear to vary according to the soil 
and climate in which they grow. Some species, generally repute<i 
poisonous, have been fomid by Dr. Christisola to be quite innocuoris 
when gatliered from localities in the neighbourhood of Edinburgh. 
The most important plant of this section is Cormm maculaMm (Hem¬ 
lock), tlie Konsttv of the Greeks. It is a biennial plant, found abundantly 
in Britain, and distinguished by its undulated ridges, smooth purple- 
spotted stem, and the peculiar mouse-like odour of its leaves when being 
dried. Every part of tlie plant, especially the fresh leaves and green 
fruit, contain a volatile oleaginous alkali, called Conia, which acts as 
an energetic poison. To tMs substance the effects of hmnlock on 
the animal frame are due, and care is required in the preparation of 
■the leaves and fruit in order to retain tins active principle. A few 
drops of Conia will kill a small animal. It acts on the spinjil cord, 
produemg piralysis with slight convulsive twitches, and its fatal effects 
are attributed to asphyxia, produced by palsy of the muscles of respira¬ 
tion, without convuMons or coma. Hemlock has been employed 
medicinally to allay pain, more especially in cancerous and neuralgic 
affections. CFnantiie erocata (Hemlook-Dropwort, or Dead-tongue), 
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and a variety •called apiifolia, have been long looked upon as poisonous. 
'Ihe roots have been mistaken for parsnips, and fatal effects have been 
thus produced. It would appear, however, that these poisonous 
qualities are not invariably present, for Dr. Chiistison found that the 
roots of this plant, when growing in a sea-side locality, near Edin¬ 
burgh, were umocuous. It remains to be determined if the climate 
and locality have any effect in modifying the properties of the plant. 
The same remarks may be made in regard to (Erumthe Phellcmdrium 
(Water Dropwort), and Cicuia viroaa (Water Hemlock or Cowbane), 
wMch seem to vary as regards their poisonous properties. JEihusa 
Cymaipmun, (Fool’s Parsley), is another plant of the order reputed 
poisonous. It has been stated that the roots of Parsnip, during the 
spring of the second year, on the approach of the flowering season, 
occasionally produce a poisonous matter. 

894. Order 98.—^AroUacen, the Ivy Family. {Polt/^>et. Epigyn.) 

Calyx entire or toothed (fig. 309 c). Petals definite (fig. 309 2, 5, 

10, deciduous, occasionally 0; sestivation valvate. Stamens as many 
as the petals, or twice as many, inserted below the mar^n of an 
epigynous disk (fig. 309 e e). Ovary adherent to the tube of the calyx, 
2 or more celled (fig. 309 o); ovules solitary, pendulous (fig. 309), 
anatropal; styles 2 or more, distinct or connate (fig. 309 s ); stigmas 
simple. Fruit usually succulent, 2-15-celled, covered by the calycine 
limb. Seeds solitary, pendulous, adhering to the endocarp; albumen 
fleshy; embryo smdl; radicle pointing to the hilum.—^Trees, shrubs, 
or herbaceous plants, with alternate exstipulate leaves, and umbellate 
(fig. 240) or capitate flowers. They are found both in tropical and 
in cold regions. lindley enumerates 21 genera, including 160 species. 
Examples —Aralia, Panax, Adoxa, Hedera. 

895. They have generally aromatic and stimulant properties. They 
are allied to Umbelliferee, but do not possess poisonous qualities in a 
marked degree, nor does their fhiit usually yield volatile oiL A 
species of Panax yields the famous Ginseng root of the Chinese, which 
is used as a stimulant. Panax qumquefolmm possesses qualities resem¬ 
bling those of ginseng. Some species of AraMa yield an aromatic 
gum-resin. Araiia nudteaulis, a native of North America, has fra¬ 
grant and aromatic roots, which are used as a substitute for sarsapar¬ 
illa. A. spinosa, called toothache-tree in North America, is a stumdant 
diaphoretic, liie succulent firuit of Hedera Helix^ the Ivy, is emetic 
and purgative. 

896. Order 99.— Comaeaie, the Cornel Family. {Polypet. Epigyn.) 
Calyx 4-lobed. Petals 4, oblong, broad at the base, regular, inserted 
into the upper part of the calycine tube; aestivation vdivate. Stamens 
4, inserted along with the petals, and alternate with them; anthers 
dithecaL Ovary adherent to the tube of the calyx, 2-celled, crowned 
by a di&; ovules solitary, pendulous, anatropal; style filiform; stigma 
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simple. Fniit fleshy, crowned by tihe limb of the calyx, 2-celled, 
rarely 1-celled by abortion; endocarp bony (fig. 473). Seeds solitary, 
pendulous; embiyo straight, long, in the axis of fleshy albumen; 
radicle superior, shorter tban the oblong cotyledons.^Trees, shrubs, 
or herbs, with opposite, very rarely alternate, exstipulate leaves, and 
capitate, umbellate, or corymbose flowers. They inhabit the tem¬ 
perate climates of Europe, Asia, and America. The bark of Camus 
Jlorida and serkea is used in America as a tonic and febrifuge. The 
fruit of Camus mascula has been used as food, and the seeds of Camus 
sanguinea furnish oil. The fruit of Camus suscica, a species found on 
the Scotch mountains, is reputed tonic. Aucuba japanica has leaves 
which exhibit a variegated aspect. Lindley gives 9 genera, and 40 
species. Examples —Comus, Aucuba. 

Subclass in.—CoBOLLiFLoas. 

897. Calyx and corolla present; petals united, bearing the stamens. 
Tliis subclass includes the Monopetalous orders of Jussieu, and the 
GamopetalK of Endlicher. Dc Candolle restricted this subclass to those 
orders in which the corolla was hypogjuious, placing the otlier orders 
with united petals in the subelass Calyciflora:. 

898. Order 100.—iiomntiiaceie, the hlisletoe Family, (ilonopet. 
Eptgyn.) Calyx arising from a tube, or rim, which some regard as an 
expansion of the pedicel, often bracteated. Petals (or according to 
others, sepals) 4-8, distinct, or more or less united; sestivation valvate. 
Stamens equal in mmiber to tlie petals, and opposite to tliem; filaments 
more or less united to the petals; anthers 1-2- or many-ceEed 
(IT 405). Ovary unilocular, adherent to the calycine tube or the 
expanded pedicel; ovules with a naked nucleus, erect or suspended; 
style filiform or 0; stigma simple. Fruit succulent, crowned by the 
cdyx, 1-cellcd. Seed solitary, pendulous; embiyo straight, in the 
axis of flesliy albumen; cotyledons either minute or numerous; radicle 
superior.—Shrubs, usually parasitical, with opposite or altemat^ fleshy, 
exstipulate leaves. Many of die pkmts have showy flowers, which 
hang from the trunks and branches of trees in the equinoctial parts of 
Asia and America. Some occur in temperate regions. Lindley gives. 
23 genera, and 412 species. Examples —Loranthus, Viscum, Myzo- 
dendron. 

899. Disputes have taken place as to the structure of the flowers in 
this order, some considering the petals as being in reality sepals, and 
regarding the calycine rim as being an expansion of the pedicel only. 
The wood of some of the plants is arranged in separate wedges, and 
the^ vessels are cither annular or scalariform. The fruit contains a 
viscid matter, like bird-lime, by means of which the seeds adhere to 
trees. The seeds in germinating send their radicles into the plant to 
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which "they are attached, and grow afterwards as isrue parasites, select- • 
ing oettain Chemical ing^ients in preference to others. The bark is 
nsiaa% astring«ait. Viscum album, MMetoe, was called by the Druids 
the liCsletoe of the Oak, on which, howeTcr, it is rarely found parasitic, 
it grows well on the apple-tree. The formation of the ovme in the 
Midetoe, according to Schleidon, is described at If 463. Loranthm 
fetrandrus is used in ChUi to dye black. 

900. Order 101.—CapitfaUaceie, the Honeysuckle Family. (Mmui- 
pet. Epigyn.\ ■ Calyx with its limb 4-5-lobed, usually bracteatcd. 
Corolla superior, lobed, usually regular and gamopetalous, sometimes 
irregular. Stamens epicoroUine, equal in number to the lobes of the 
corolla, and alternate with them. Ovary adlierent to the tube of the 
calyx, usually 3-eelled, rarely 4-5-celled; ovules few in each cell, 
pendulous; style one or none; stigmas 3-5. Fruit fleshy or dry, 
crowned by the limb of the calyx, indehiscent, uni- or multilocular; 
endocarp sometimes bony. Seeds solitary, or several m each cell, 
])endulous; spermoderm often bony; embryo small in the centre of 
fleshy albxunen; radicle next the hilum.—Shrubs or herbs, with oppo¬ 
site exstipulate leaves, and corymbose flowers. Chiefly found in tire 
northern parts of Europe, Asia, and America. The order has been 
divided into two suborders;—1. LonicercsB, the true Honeysuckles, 
with a regular rotate or tubular corolhi, three sessile stigmas, and a 
raphe on the inner side of the ovule. 2. Sambuccaj, the Elder 
Tnbe, with a corolla more or less tubular, often irregular, a filiform 
style, and a raphe on the outside of the ovule. Lindley gives 14 
genera, and 220 species. Examples —^Lonicera, Caprifolium, Leyccs- 
teria, Liimsea, Sambucus, Viburnum. 

901. Many of the plants, such as the Honepuckle and Elder, have 
odoriferous'flowers. Some possess emetic and purgative properties. 
The fruit, of Samhucus nigra-, the Common Elder, is used in the inanu- 
tacture of a kind of wine. The flowers contain a small quantity of 
concrete volatile oil, and a minute portion of a vohi^e odorSerons oil. 
The inspissated juice-of the fruit, and the inner bWk, possess pmrga- 
tive qualities. Viburnum Opidus, the Guelder Eose, is-often culti¬ 
vated hi gardens. Viburnum Lantana has an acrid bark. Lmma 
ioreaiis is a delicate northern plant, named after Limueus. Sgmphori- 
carpus racemosa yields the Snowberry. 

902. Order 102.—K«Mac«fe, the^HMadder and Peruvian Bark 
Family. (Monopet. Epigyn.) Calyx adherent with the ovary, the 
limb with a definite ntimber (usually 4-5) of divisions, sometimes 
obsolete (fig. 619 c). Corolla gamopetalous, regular, tubular, or rotate 
(fig. 619 jp), inserted into, the calyx, usually with 4-5 divisions (fig. 
618); asstivation valvate or imbricate. Stamens more or less adherent 
to .the corolline tube, as many as the lobes of the corolla, and alternate 
with them (fig. i 617). • Ovary inferiotr, ususdly bilocular (fig. 3619 o), 
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sometimes muItUocakr, orown^ with a fleshy diskovules numerous 
or solitary, anatropal or ampfiltropal; style single, sometiines partly 
divided; stigmas usually 2, tnore or less distinct (flg. 619]^ Fruit 
inferior, 2- or many-.c^ed, dry or succulent, eithm’ indehisoent oi 
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splitting into two mericajqis (figs. (120, 621). Seeds 1 or many 
oacli c3l, in the former case erect or asuuding (fig. 619), in thejatt 
attached to a central placenta; albumen copious, homy or flesi 
(fig. 622 p ); embryo small, straight, or slightly curved (fig. 622 < 
cotyledons leafy; radicle turned to the hiluni.—^Trees, shrubs, or her! 
with simple, entire, opposite, or verticillate leaves, which have eitli 
iuterpetiolaiy stipules (fig. 190), or are exstipulate. The order h 
lieen divided into two suborders:—1. Cinchonese, with rounded sten 
usually opposite leaves, and interpetiolaiy stipules (fig. 190), nativ 
of the hotter parts of the world. 2. GaJiess, or Stellat®, with squa 
stems, verticillate loaves, and no stipules; natives of northern at 
colder regions. Lindley considers these divisions as separate natur 
orders. Some authors think that the verticillate leaves of Stellal 
consist yiartly of trae leaves, and partly of stipules. The order i) 
eludes nearly 280 genera, and upwards of 2800 known species. M 
ajnpfe^Tj-Cinchona, Gardenia, Umyotis, Isertia, Hamelia, Guettard 
Psedei'ia, Coflea, Cephaelis, Psychotria, Spemiacoce, Anthospermui 
GjMirculairia, G^um, Kubia.' * 

>'>.$*8.iUlUitmUons of tho luitural order Rubiac(i8c. 

617.~nDiagrtoTn of file flower of Gaiiom MoUniiro, bclon^'ing to t)ie sectito StcllaUe. Cal. 
obtolete, corolla rotate, .4>lobedf 4 Btaxnena, aod didymoiis ovary. ^ 

SJg. 618.—npwer enti]:e. , 

619.—jFtower cat vctti<»ny. c, Calyx adlierent to the ovary, o, which is Sieellod.* p, C 
ro^ « e, Stamens snnounding the style and stigmas.* 

Wg. 620.-«FrDtt of Rnbla tincl^ir^ wulder. v 

cm. 6*/!.—Ilteliaine, showing the separation of the tWo cmi^s. 

Wg. The seed cut vertically, Peripperm. CurvM emlny'o. 
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90^ The pr<^)ertie8 of the or4®» in general, aye tonic, febrifuge, 
and astringent. Many important articies of materia. medica are fbr- 
nished by Ike plants in fbe suborder Cinchonefe. PeruTian or Jesuitti’ 
Bark,'hmom uader the name of Pale, Yellow, and Bed Barit, is pro¬ 
cured from various species of Cinchona, whidi grow abundantly in the 
district, of Upper Peru The Cinchona trees seem to be confined 
exolumvely to the Andes, within the boundaries of Peru, Columbia, 
and Bolivia, from 11° north lat to 20° south lat., chiefly growing at 
elevations varying fiom 1,200 to 10,000 feet above Ihe level of the sea, 
and in a dry rocky soiL Ihere are at least twelve species which are 
supposed to furnish the barks of Commerce. Great obscurity prevails 
as to the species whence the various kinds of Cinchona bark are de¬ 
rived. The names of YellOw, Red, and Pale Bark have been very 
vaguely applied, and are by no means well defined. The barks are met 
with either in thick, large, flat pieces, or in thinner pieces, which curl 
inwards during drying, and are called quilled. Britain is said to im¬ 
port from 225,000 to 656,000 lbs. annually, and to retain 120,000 lbs. 
for home consumption. The chief officinal kinds of bark are: 1. Crown- 
bark, China-Loxa, a pale bark in quills 6 to 15 inches long, the produce 
of Cinchana Condamnm, which inhabits the mountains in the vicinity 
of Loxa, at an elevtdion of from 6,700 to 7,500 feet. 2. Gray bark, 
Silver hark, or Huanuco bark, China-Huanuco, another variety of 
quilled pale bark, obtained from Cinchona micranha, found in the 
vicinity of Iluanuco, m Peru. 3. Yellow bark, China-regia, partly 
flat, partly quilled, procured from a species of Cinchona, which grows 
arotmd Apolobamba. 4. Red bark, China-rubra, partly flat and partly 
quilled, procured from an unknown species of Cinchona. Besides 
these, there are various inferior lands of bark met with in commerce, 
suoh as Ash bark, China-Jaen, from Cmchona ovata; hard Carthagena 
bark, China-flava-dura, from Cinchona cardifolia ; Rusty bark, China- 
Huamahes, from Cmchona pubescens; Orange bark, from Cinchona 
lancifolia; and Bed bark of Santa-Pe, from Cinehma mc^nifolia. .Jlie 
following is the arrangement adopted by Pereira:— 

A. Tnie Cinchonas with a Brown Epidermis. 

I. Pale^arks. 

1. Crown dr Loxa Bark.Cinchona Condaminca, H. and B. 

2. ' Gray, or SHver, or Huanuco Bark, Cinchona micrantha, R and P. (C. 

‘ ' scrobiculata, H. and P.) 

3. Ash or Jaen Bark.Cinchona ovata, M. Peruv. 

4. Kasty AT Hnamalies Bark,.C. pubescens, VahL (C. purpnrea, 

^ it. and P.) 

^ n.-TeUdffparks. 

5. .Bqml Yellow, or Calisaya Bark,...Cinchona sp. ? 

iL^^Sed Batto. 

.{^^ed Bark,., 


Cinchona sp. ? 







B. True CSsehonaa Tith a WUte EpiderBii& 

I. Pde Barks. . > . 

7. White I«3ta Bsrk,t.Cinchona sp.? 

H. Yellow Barks. 

8. HardCartIiagenaBark,...Cin6b(ms oordifolia, Jfutu. ; 

9. BibrouaCarthagenaBark,.Petbap8'C. cordifolia. ' ' 

10. CnzcoBark,.Cinchona sp.? 

11. Orange Bark of Santa.'F^.C landfolia, Afitiii (C angnstifolia, P.) 

in. Bed Barks. 

12. BedBarkofSsnta>Fd,.C.oblongifolia,ilftitu(C.niagnif(dia&attdP.) 

Cindiona bark contains two alkaloids, Cinchonia and Qqina, to which 
its active properties are due; the former is best obtained frcffla Gray- 
bark, the ktter ficm Yellow bark. In combination with these, there 
exists an acid called Cinchonic or Kinic add. Cinchona bark is used 
medicinally as a tonic and antiperiodic, in cases of dyspepsia, neuralgia, 
and intermittent fever. It has been administered in the form of in¬ 
cision and tincture; but, at present, the disulphate of Quina is the 
chief preparation used. The genus Rcostemrm yields various kinds of 
false Cinchona bark, which do not contain the Cinchona alkalis. In 
this 'genus the stamens are exserted, whereas in Cinchona they are 
included. The following are some of tiiefidse barks noticed by P^rdra:— 

1. St. Lucie or Fiton Bark.'.....Exostemma floribniidnia> 

2. Jamaica Bark,.E. caribanm. 

3. Fitaya Bark,.Exostemma sp.? 

4. False Femvian Bark,.E. pemvianum. 

5. Brazilian Bark,.E. souzianum. 

Pinckneya pubens yields the fevOT-bark of Carolina. 

904. Some of the plants of this order have emetic and purgative 
qualities. CephMk Ipmimanha yields the Ipecacuanha of the Pharma- 
copceia. The plant is found in the woods of several Bratilian provinces,. 
HSj^emambuco, Bahia, and Eio Janeiro. The roots, which are the offi¬ 
cinal part, are contorted, knotty, and annulated, and about the thidmess 
of a goose-quilL They are used as emetic and diaphoretic remedies, in 
the fonn of powder or wine. Their active mgr^ent is m alkaloid 
called Emeta or Emetine. Besides this brown or gray adHulated 
Ipecacuanha, there are spurious kinds, such as striated or Black Peru¬ 
vian Ipecacuanha, the produce of Psyckotria emetica, and white or amy- • 
lac->ous Ipecacuanha, furnished by Sichardsoma acabra {brasiliengis,y a 
native of the provinces of Bio Janeiro and Minas Ger^. Some of. 
the sp^ies of Psychotria, CephdeUs, and Ecmdia, are said to act 8Cj|^ 
violently as to produce poisonous effects.' 

905. Among the astringent plants of the order, may be noticed. 
Unoariy, Gambir, which st^plies a kind of Catechu,'' known by the 
name of Gambeer. Of the plants fiimishing articles of diet, the most 

2 F 











TAxasuatuouB. 


4S« 

imp!ixrtaDt< is Ct^iea aro&feo, a native of Arabia and of the borders of 
AbjssMai which furnishes the Coffee of commerce. Ihe fruit is suc- 
enleBi^ aod ^ hornj albumen of the seed is the part used as a bever- 
, ft eontains « bitter pirndple, denominate Caffein, which is 
identical with that got from Tea. The import of Coffee into the 
United Kingdom, in 1847, was 19,783 tons, and in 1848, it was 
24,5Sd tons. The seeds of some other plants of the order, as species 
of CfaUittii, have been used as substitutes for Co:&e. Among the 
plants ^el^g dye, the most interesting is Eubia tmctoria, the root of 
which IS the Madder of commerce. It contains three volatile colouring 
matters—^madder purple, orange, and red. The latter is in the form 
of ciystals having a fine orange-red colour, and Cidled Alizarine. This 
is the substance which yields the turkey-red dye. Bubia Munjista, 
(cordifoUd), Munjeet, is also used for a similar purpose. OMemiandia 
umbellata is employ^ in the East Indies as a substitute for Madder, 
and so is the root of Mbrinda dtrifoUa, under the name of Sooranjee. 
The latter yields a peculiar colouring matter, called by Dr. Anderson, 
Morindine. It is extracted from the bark of the root, and is procured 
in the form of minute acicular crystals of a fine yeEow colour. It is 
incapable of producing colours with alum and iron mordants, but with 
turkey-red mordant it produces a dark red. Many of the plants of 
this order, espedally in the section Cinchonese, have very showy and 
fi:agrant flowers. The species of Mussoenda and CodoophyUum, are re¬ 
markable on account of one of their sepals becoming large and showy. 
Aependa odorata, Wood-ruff, gives out its firagrance when dried. 

906. Order 103.—^VaieriBBacefe, the Valerian Family. {Monopet. 
Elpigyn.) Calyx superior, its limb being either membranous or pap¬ 
pose. Corolla gamopetalous, inserted into the top of the ovary, tubu¬ 
lar, S-4-5-lobed, sometimes gibbous or spurred at the base. Stamens 
1-5, adherent to the corolla and alternate with its lobes. Ovary 
ipferuu', 1-3-celled; ovule solitary, pendulous, style filiform; stigmas 
1-8. Fruit dry, indehiscent, crowned with the limb of the ca^, 
1-o^led, in consequence of 2 cells being abortive. Seed solitary, 
pendulous, exalbuminous; embryo straight; radide superior.^—^Herbs, 
with opposite exstipulate leaves, and cymose inflorescence. They are 
£)und in temperate climates. lindley gives 12 genera, and 185 species. 

—Patrinia, Valeriana, Centranthus. 

907. The plants bdonging to the order are strong-scented or aro¬ 
matic, and some of th^ have been used as bitter tonics, anthelmintios, 
immI kntispasmodics. The root of Valeriana officinaMs is the conunon 

, medidnal Valerian. It has a bitter acrid taste, and a peculiar odour, 
whidhr is fetid and disagreeable in the dry state. Li the form of 
^ihicttme and infusion, it is pr^cribed in cases of hysteria. Other 
species of Valerian, as V. sddoa, Phu, sitchensis, and Scdainca, have 
annular properties. Valerian is known to have a peculiar effect on 
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cats, causiBg a species of intosdcation. Nardosfaisl^ Jatamcmsi is 
the Tc, or spikenard of the andents, 'which -ma highly praed 

on account <k its perfume. Vakriema oUtoria, Lamb’s lettuce, has 
been Tised as a sala^ Many of the plants in the order secrete a 
peculiar volatile oil, to which these properties axe due. 

908. Order 104.—iw p — « ■«««» the Teazel Fsmi^. (Monopet. 
Epigyn.) Calyx superior, with an entire, or toothed, or pappose Inhb 
(%. 278). CoroUa gamopetalous, tubular, inserted on the calydne 
tube, with an oblique 4-5-lobed limb; ssstivation imbricated. Sta¬ 
mens 4, attached to the tube of the corolla, and alternate with its 
lobes; anthers dithecal, distinct. Ovary cohering with the tube of 
the calyx, either closely or only at the apex, unilocular; ovule soli¬ 
tary, pendulous, anatropal; style filiform; stigma simple. Fruit dry, 
indehisoent, crowned by the Imb of the calyx, covered by an epicalyx 
or involucellum, 1-ceUed. Seed solitary, pendulous, albuminous; 
embryo straight; radide superior.—^Herbs or undershruba with 
opposite or vertidllate leaves, and capitate or verticillate flowers, 
surrounded by a many-leaved involucre (figs. 232, 244). They are 
found in the south of Europe, the Levant, and at the Cape of Good 
Hope. The properties of &e order are unimportant. The name 
D^sacus is derived from ilif/x, thirst, in consequence of the bases of 
the leaves of some of tlie spedes b^g connate, in such a way as to 
endose a cavity which contains water r^y to aUay thirst. The heads 
of Dtpsacus JuHomm, Pullers’ Teazel, on account of their spiny bracts, 
are used in dressing doth. Lindley mentions 6 genera, induding 
150 species. Examples —^Morina, Scabiosa, Dipsacus. 

909. Order 105.—Caircemcete, the Calycera Family. (Monopet. 

Epigyn.) Calyx superior, with a limb of 5 unequal segments. Corolla 
regular, infimdibuliform, with a long slender tube, and a 5-lobed 
limb, the lobes having ea^ three prindpal veins. Stamens fl, attached 
to the tube of the corolla, with as many alternating glands beldw 
thiem; filaments monade^hous; anthers partially united. Ovary 
ii^eiior, 1-peUed; ovule solitary, pendulous; style angle, smooth^ 
stigma capatate. Fruit an achsenium, raowned by the rigid spm^ 
se^ehts of the calyx, sometimes covered with papiUse, which emit 
^iral tubes whmi placed in water. Seed solitary, pendulous; mnbryo 
in the of fleshy albumen; radide superior.—^Herbacepus plants, 
with alternate, estipulate leaves, and seasile capitate flowers, sur¬ 
rounded ly an involucre. They inhabit South America. Their nro- 
perties are unknown. There are 5 known genera according to Linmsy, 
and 10 species. Example —Calypera, Boopis. s 

910. Order 106.—CMfepaaiuB (Ast^caceie of LinPey, and Symm-T 
thferas other authors), the Composite Family. (Ifonopet Epigf^ 
(Kgs. 628-634).' Gal^- -supeSiOty-its limb either wanting ortnem- 
branous, or divided into bristles, paleee, or hairs, and called pappus 
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(figs. 277, 279, 62fi ^ Corolla gamopetalous, lignlate (fi^.'801, 
624) or tubular (fig. 626 p), in Ibe latter case usually S-toothed^ 
sometunes bilabiate (fig. 625); t^ marginal veins, containing spiral 
colls, run along each of corolline divisions, and afterwards proceed 
along the axis of these diviaons^ aestivation valvate. Stamens usually 
5, atenate witii the bf tie corolla (fig. 626 e); filaments dis¬ 
tinct ; anthers (figs. 624, 625, 626 a) cohering into a cylinder 

(synantherous or gmgenesious). Ovary inferior, closely adherent to 
the tube of the calyx (figs. 624, 625, 626 o, 634), and imdistinguish- 
atfie fixim it, 1-ceUed; ovule solitary, erect (figs. 423, 626, 684); 
style simple, sometimes with collecting hairs (fig. 627); stigmas two, 
dwtinct (figs. 404, 627-633) or united. Fruit, an acheenimn (Cyp- 
sela, f 542), crowned with the limb of the c^yx (fig. 684). Seed 
solitary, erect, exalbuminous (fig. 634); radicle inferior.—Herbs or 
shrubs, with alternate or opposite, exstipulate leaves, and capitula of 
flowers (called florets), which are mther hermaphrodite cu^umsexu^ 
and are surrounded by bracts in the form of an involucte (figs. 242, 
243). Bractlets are sometimes interspersed with the flowers on the 
receptacle, and are then called palete. Some of the flowers belong to 
the cyanic, others to the xanthic series (f 679). In^ the same head 
the flowers are sometimes homochromous (ifcot, riimilar, and 
colour), belonging to the same series; at other times they are hetero- 
ohromous (Iwfof, diverse), belonging to difierent series,—^the Isolate 
to the cyanic, aind the tubular to the xanthic. 

911. This is one of the largest, and, at the same time, one of the 


Fign (i23-(i34. —Organs of frnctiflcation of Onnposltre. - 

Fig. 623.—Diagram of the Sower of a Seneclo. The onter Sotted cirde indicates the pajipoeS 
limb of the calyx, within it la the tuimlar condla with Sve dlvtdons, next Sve stamens wlth'i 
united anthers, and In the centre the 1-celIed, 1-seeded ovary. 

624—One of the lignlate flowers or florets of Clchorinm Intyhus, Snccory or Chlcpiy, 
ho^OnglM to the section Clchotacece, o, Ovary comdetely adherent to the tnbe of tbe calyx, tiie 
limb of the calyx forming a crown snmmnding the base of the lignlate (strap-shaped) coinllm 
which has flye anIcUar dli^ons. s, Cylinder fnrmed by the' anthers Oynantheroiiu, traversed 
by the ^}e with Its bUld stigma, a 

Pig. 6%—Flower of Cbssnutheta linearis, belonging to the section Lablatiflore. o, Ovary 
with adherent ctfydne tnbe. <, Tnbe of the gamopei^ousbUahlate corolla, fa tapper tip of tire 
corolla. H Lower Up of tire ooroUo. a Ihheoftheanthera a Ihe hifld sUgma at the apex of 
tire style. 

Pig. 626.—Tabulax (floscnloos) flower of Aster mbrlcautia belonging to the secttorl Corym- 
hlft^ cot longttndlnally, to show tire erect ovnle, o, enclosed in the pericarp, consll^ng of the 
waBioftiieovaiy, and the calydne tube tneorporatem p. United petSda a, Fugnu consisting 
the altered Umh of the calyx, a Stamens with their tmited antirers, attachei'lo the corolla, 
a ^le traversing the antheilne tube. 

PWa:627-6SS.—SiiffinittaafthestyIesafphuitahelonglngtodifihrenttribesofConipoBltsa Two 
atinanatie henda a» man bordering the internal anrtace of the two branchea wWch termhiate 
eita of theae at^^ea Several have collecting hairs at dllihrent narta ' 

Pig. W.-HSnniatit of the atyle <d dehorliim Intybna one of tire Cichoraoeta. .. f ' 

ng. ^-duBtanthenllneaxla cneaftheLabiatlflonB, 
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- ThevehOtta one of the ClmaresB. 

- Benedo Dorn, one of the Sensdonldeta 
Aater aoltofmoA one the Aateroldea!. 

_ Uoll^ oziie Of the VeraoQlaodff. 

__ A S^aelo, cat vertically, e, Exalhuniliums emtnyOr with 
or coveriqr of the erect leed. ^ Ferioarp conalatlng of ovarian 



^ F&esi^mpe tniit (i 

ioiaaor radicle, t, Bpem___^_ 

parietes with the cloeely-adherent calyclne tabe. Style. 
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most ntitartd in the vegetable kmgdom. The plants all 

indoded bj linnsius in his ckss %ngeaesia, and were divided into 
five orders according to the sexes of the florets, and the nature of the 
involodre. These ^visions are ^ven at page 844, under the names 
Polygamia .^!(pu^ Superflna, Frustranea, Necessaria, and Segregate. 
Ihe Kfllovring series of terms have also been eibployed to express the 
nature of the capitula, as regards stamens and pistils 

1. Homogamom (i/sit, alike, and marriage), flowers all hermaphrodite 

C 5 )• 

8. Heterogamons (tntt, diverse), the flowers of the disk (centre) hermaphro¬ 
dite, those of the ray (circnmfhrence) mther pistfllate (female) only, or 

nenti^ i. e. destitute Mth of stamens and pis^. 

3. Monoedons, $ — $, male and female flowers in the same capitnlum. 

4. Heterocephalons (tiww, diverse, and xiftai, a head), some capitula entirely 

male, others entirely female, in the same plant 

5. Dioedons, $ some plants with male capitula only, others vrith female 

capUala only. 

The foUovntig series of terms have been used to express the nature of 
the capitulc^ as regards the form and arrangement of the flowers:— 

1. Discdd or Flosculons, corollas all tubular. 

2. Lignlate or Semifloscdons, corollas all Ugnlste. 

3. Biuiate, corollas of the margin or ray lignlate, those of the centre or disk 

tubular. 

4. Falsdy-discoid, corollas all bilabiate. 

5. Falsdy-radiate, or radiatiform, corollas of the msi^ lignlate, those of the 

centre bilabiate. 

912. Jussieu divided the order into three sections:—1. Cynaro- 
cephalm (cytiora, the artichoke), having the flowers all flosculous 
(tubular); involucre hard, couic^ and often spiny. 2. Coiymbiferse 
{con^nbus, a corymb, and fero, 1 bear), having flosculous (tubular) 
florets in the disk (centre), and lignlate (senMosculous) in the ray 
(circumference); involucre hemispherical, leafy, or scaly, sddom spiny. 
3. CSchoracero (dckomm, succory), havic^ the florets all lignlate. 
Another section was subsequently added, containing bilabiate flowers. 

918. De GandoUe made the following divisions, which are now 
pretty generally adopted:—1. TabuMorae, hermaphrodite flowers 
tabular, regularly 5- rarely 4-toothed. Under this section he in¬ 
cluded several tribes, in which the distinctions are founded on the 
nature of the style and stigma in the hermaphrodite flowers. These 
characters are shown in figs. 629-633, which illustrate the tribes 
Yerhoniacee (fig. 633), Eupatoriaceae (fig. 632), Asteroideae (fig. 631), 
Senedouideae (%. 630)) and Cynareae (fig. 629). 2. Labiatiflorae, 
heimajdirodite flowers, or at least the unisexoad ones, divided into two 
lips (fig. 625).# The subdivisions of this section are also founded on 
the style and stigma (fig. 628). 3. liguMoraa (dchoraoeas), all the 
flowers hermaphrodite and ligmte (fig. 624). Ihe form of the style 
and atigma is seen in fig. 627. 
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914. Hendow gives lihe following tabular view of these various 
divimons—letter I meaning li^late flowers; f, flosculom; H, 
hermaphro^te; F, fomale; N, neuter; M, male; the relative position 
of the letters indicating the nature of the florets in the cdrcumferenoe 
and in the centre of the same capitulum; and in the last three divi¬ 
sions, the letters having reference to the nature of the separate 
capitula;— 

Jtuaioii. Dc CflodoUe. 

Cicaoracese.. LiOTMoras 3.. 

• Labiatifloree 3. 



Heads of Flowers. 


(H.H.H.) 

(F.H.F.)) 

(F.M.F.5 


Homogamons. 

Heterogamons. 

Monoecious.. 

Invcdncrate florets. 

Dioecious. 

Heterocephaloas... 


Llnnffian Ordeora. 
Polygamia sequalis. 

-- snperflna. 

-— fl^ranea. 

-necessaria. 

-segregata^ 

* 

* 


915. Ihe plants of this order are variously distributed over all 
quarters of the world. Li northern regions they are generally herba¬ 
ceous, while in warm climates they sometimes become shrubby, or 
even arborescent. Cichoracess abound in cold regions, while Corym- 
biferss are common in hot climates. . The number of known genera 
amotmts at present to upwards of 1000, comprehending 9500 species. 
They are considered as forming ^ of the known specif and this seems 
to have been the proportion at different pericids. Thus, Idnnseus 
enumerates 785 Compositse out of 8500 species of plants then known 
all over the world;— 

Compotitse. Known Species in the World. 

In 1809 . 2,800 27,000 

1838 . 8,523 85,000 

1846 . 9,500 95.000 


Eaxmples —^Vemonia, Eupatoriiun, Aster, Beilis, Anthemis, Senecio, 
Centaurea, Carduus, lUpt^on, Tii:^ Ciohorium, Hieradum, Sonchus. 

916. The plants belonging to this vast order have all more or less 
bitterness, which is sometimes associated with astringent, acrid,, and 
narcotic qualities. 

Suborder CynarocqihalcB .—^The plants of this suborder are usually 
tonic and stimulant. The bitterness of the plants of this section 
is often much lessened hy cultivation, so that they become esculent 
The root of Arctium (majus and mmtis), Burdock, is hittaish, 

and has been used in the form of ioflision as a substitute for sar- 
sapaiilla. The root, leaves, and fruits (often called seeds), aip diapho^ 
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iBla^ ;4o^£e{lac,^4|i^ dteiu»£laT«. 'Z%e ieayes of <hrdum Bmdicttts, 
&tm ^osed in m^cinew • stcnnaduc and 
dui^ltaretie. Uandi^ stems and lesf-rstifdlte of £|^s«^ Cardun- 
:<tuliuii0titdoaD, are oaten, and so aie tbe young snocnl^ iiecqjtades 
Swhmus, Ax&tslidke. The dried flowers of OaAkamvs 
tmetor^ ocmsQtate Safflower, 'vriiich yields a pink dye. The genus 
Oankeus includes the various species of Thistle. What is denominated 
by gardeners the Scotch TLdstle, is Oncpordam AccmAnm, a doubtful 
native of Scotland, but hot uncommon in England. 

917. Suborder CorymMferae .—The plants of this section have the 
general bitterness of &e order, and some of them have an aromatic 
odour, from the presence of volatile oiL The flowers of Anihemis 
nobilis. Chamomile, are odoriferous, and yield a volatile oil, which is 
at flrst greenish or bluish, but afterwards yellowirii brown. They 
are used ^ materials for fommitation, and an mflmon of them acts as 
' a diapl^ltefic and emetic. An extract is made fi^)m them, having 
bitter tpialitiCs. The essential oil is an excellent carminative. 
Anthemb wnctorm 'supplies a yellow colour used for dyeing. Pgre- 
tknati PardmiaM, common Feverfew, is aromatic and stimulant. The 
root of Aruwgclve Pyrethrum, Pellitory of Spain, or perhaps of A. 
qfficmarum, is an irritant and sialogogue; its properties depending 
on the presence of a volatile oiL Tus&lago Farfara, Coltsfoot, has 
been us^ as a demulcent. The root of Inula Helenmrn, Elecampane, 
has stimulant and expectorant qualities. It contains a white amyla¬ 
ceous matter called Inuliu. The species of Artemigia are remarkable 
for tiirir strong odour and bitter taste. The heads of flowers of Arie- 
ndaia Ahsmthiwn (Ahemthiurn, officinale, and vulgare\ or Wormwood, 
U)d those of Artemisia Santomca, and of other species, imder the name 
of Wormseed, are used as anthelmmtics and tonics. Several of these 
epedes contain a crystalline bitter principle. Artemisia mutellma, 
sm spioala, are used in the preparation of a tincture or distilled 
spirit, called in France, Eau or CrSme d’Absinthe, which is in re¬ 
quest among those who ore addicted to the pleasures of the table. 
The woolly leaves of Artemisia Moxa are used in China to form the 
inflammable omres or cylinders called Moxas, which are employed 
as counter-irritants. Artemisia Dracunoulus, Tarragon, u used in 
pteMes and salads, and in the medication of vinegar. A. Ahratfomm 
is ddnmonly called Southernwood, and is used on the continent in 
the preparation of b^. Ihe leaves of Tanacetum mlgare, Tansy, 
have Stenulant antispasmodic properties. Th^ contain a bitter resin, 
aaid «h alUmatic volatile oil Armca morUana, Mountain Tobaceo, 
or Leoprad’s^bane, is an acrid stimulant Its flowors, leaves, and root- 
8teek^ - #» diseases, as well as in goiU;and 

ihettmi^siit j^^^e seeds properly frcdts) (A Heliant^ amust^ oammaa 
ScaiiuWa', contain a bland oil, and when roasted lh^ have bemi used 
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as a sabsdlwte for Cd&e. The name Helka)0!t foe foSt and 
a flower) is derived from the^popular. auppomtioD, font its large 
heads of flowers follow foe sun in its course (f 486), He roots of 
tuierom, Jerusalm, or more prqi^, Qirasole Artioh<foe, 
are used as substitutes for potatoes. Bkfeiormn Aycxppma, and MSmia 
Ouaco, have been used to cure foe bites of snakes. Oeradia fiircata 
is a peculiar branching coral-like plant, which grows in dry stenle 
places in the south and west of Africa, and yields a resinoid substance, 
called by some African bdellium. Madia sativa has been cultiTated 
on account of its bland oil. The species of Lgcfmophora^ve a peculiar 
feature to the mountains of Minas Gerties in Bra^ Hey grow like 
Yellozias, and they are covered with a dense coat of long brownish- 
coloured wool, which b often used for beds and pillows. 

918. Suborder Gudwracem. —Most of the plants of thb section yidd 
a milky juice, which b bitter, astringent, and sometimes narcotic. 
By cultivation, some of them are rendered esculent. Cichormm Inty- 
1m, Wild Succory, or Chicory, b cultivated for the sake erf its root, 
which b used as a substitute for, and as an addition to Coi^ The 
blanched leaves of Cichormm Endivia constitute Endive. Tcamacum 
Dens Leom (or officinale), Dandelion, yields a milky juice, which, in 
the form of extract, has been used mediinnally as a diuretic and 
alterative. It contains a bitter crystalline pnnei^e called Taraxadne. 
Its root b mixed with Coffee in the same way as Chicory. The in¬ 
spissated juice of Laetuca sativa, common Lettuce, and of L. virosa, 
'i^d or sirong-scented Lettuce, reedves the name of Lactucarium, or 
Lettuce-opium, and b used medicinally for allaying pin, and in¬ 
ducing sleep. It contains a neutral active prindple called Lactudn. 
Other species of Lactuca yield an inspbsated juice having similar 
qualities. Scorzonera b the esculent root of Scorzonera hispamioa, 
while Salsafy b the root of Tragopogon, porrifolms, which b called 
the Oyster-plant in America. Mmy of the plants of the Cichoraceous 
section, such as Hieracium, Sonchvs, and Tragopogoti, act as horolo- 
gical and meteorological flowers 483, 484), their capitula opening 
and dosing at certain periods of foe day, and in different states of foe 
weather. 

919. Order 107.—^Bnuraaiaecn, foe Brunonia Family. {Mompet. 
Perigyn.) Calyx persistent, 5-partite, with bracts at foe base. Corolla 
inserted at foe base of foe calyx, monopetalous, nearly regular, wifoar- 
ing; limb 5-parted, having central veins in its segment which divide at 
foe top into two recurrent marginal veins; ssfo^tion valvate. Stamens 
6, inserted with, but firee fix>m, foe corolla, alternating with its s^- 
mmts; anthera articulated with foe short filaments, difoeoal, intror^ 
dehbfoig longitudinally.. Ovaiy firee, unilocular; ovule solit^, erect, 
aadropal; stvle sin^e; stigma enclos^ is a 2-valved tsap or indudum. 
S^t a utricle, en<£>8^ in the hardened calydne tube. Seed sofoaiy,. 
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erect, exalbuminons; embryo straight; cotyledons fleshy, plano¬ 
convex; radide minute, inferior.—Stemless herbaceons pmts, with 
radical, exstipnlate leaves, and capitate flowers, supported on scapes, 
and surrounded by an involucre of enlarged bracts. Natives of New 
Holland. Their properties are unknown. The order contains as yet 
onty 1 genus, and 9 spedes. Example —Brunonia. 

920. Order 108.—Coodcaiaco^ the Goodenia Family. (Mimopet. 
Epigyn. and Perigyn.) Calyx persistent, usually equal, with 3-5 <fivi- 
sions, sometimes obsolete. Corolla inserted into the cdyx, monopeta- 
lous, more or less irregular, marcescent or dedduous; its tube split at 
the back, and sometimes separable into five pieces, when the calyx 
only coheres with the base of the ovary; its limb 5-partite, uni- or 
bilabiate, the thin part of the segments being at the edges, which are 
folded inwards in eestivation. Stamens 5, dikinct, inserted with, but 
firee firom, the corolla, and alternate with its segments; anthers not 
articulated with the filaments, distinct or cohering, bilocular, with longi¬ 
tudinal ddiiscence; pollen-grains either separate or united in fours. 
Ovary more or less united to the calydne tube, 1-2- or 4-celled, some¬ 
times with a gland at its base; oviiles definite or 00, attached to a 
central, often firee, placenta; style 1, simple, rarely ivided; stigma 
fleshy, undivided or 2-lobed, surrounded by a cup-like indusium. 
Fruit a 1-2- or 4-celled capsule, or drupaceous or nut-like. Seeds 
definite or indefinite, with a thickened, often hard testa; embryo 
straight, in fleshy albumen; cotyledons leafy; radicle inferior.—Herbs, 
rarely shrubs, not lactescent, with scattered, exstipulate, usually 
alternate leaves, and distinct, never capitate flowers. They are found 
chiefly in Australia, and in the South Sea Islands. Some are eaten 
as pot-herbs. The order is divided into two suborders:—1. Good- 
eniete, with dehiscent capsular fimit, and numerous seeds. 2. Scajvolese,' 
with indehiscent, drupaceous, or nut-like flruit, and seeds solitary, or 
two in each ceU. There are 14 known genera, according to Lindley, 
and about 150 species.— Examples —Goodenia, Velleia, Lwhenaultia, 
ScsBvola, Dampiera. 

921. Order 109.—SHriuuwsefe, the Stylidium or Sfylewort Family. 
(Morugset. Epgyn.) Calyx adherent, persistent, with 2-6 divisions, 
bilabiate, or regular. Corolla gamopetalous, Ming off late, limb 
usually irregular, 5-6-partite, segments with a central vein; sesdvation 
imbricated. Stamens 2; filaments united with the style into a longi¬ 
tudinal column; anthers didymous, rarely simple, lying over &e 
stigma; pollen simple, globose, or angular. Ovary cohering with the 
calyx, bilocular, or by contraction of the dissepiment unilocular, often 
simnounted by one gland in front, or by two opposite ones; ovules 
anatropal; style 1; stigma entire or bifid. Fruit a bivalvul^, bilo¬ 
cular, or spuriously unilocular capsule, with septicidal dehiscence. 
Seeds 00, small, erect; ^biyo minute, enclosed m fleshy, somewhat 
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oily albumen.—Non-lactescent herbs or undershrubs, with alternate, 
scattered, or somewhat vertidllate, entire, exstipulate leaves. They 
are well distinguished by their gynandrous structure. The column 
formed by the union of the filaments and style, possesses, in the species 
of the genus StyUdam, a peculiar irritability. It hangs down on one 
side of the flower, and when touched at the point of flexure, it springs 
over with considerable force finm one side to the other. If not too 
far advanced to maturity, the column will recover its former position 
in the course of time. The flower may be cut off carefully without 
disturbing the column, and the irritability continues for a consider¬ 
able length of time if the flower is put into water. The movement 
is said to be connected with the bursting of the anthers, and the dis¬ 
charge of the pollen on the stigma. The cause of this movement is 
very obscure, but it seems to depend on some changes in the cells 
(H 497, 665). The plants are principally natives of marshy places in 
New Holland. Some are found at the southern point of South 
America. There are 5 known genera, and 121 species. Eaxmples — 
Stylidium, Forstera. 

922. Order 110.— Campannlacefe. the Hare-bell Family. {Monopet. 
Epigyn.) (Fig. 635.) Calyx superior, usually 5-lobed (figs. 636, 637 c), 
sometimes 3-8-lob^, persistent. Corolla gamopetalous, inserted into 
the top of the calyx, usually 5-lobed (fig. 255), sometimes 3-8-lobed, 
regular, marcescent (fig. 461 e); asstivation valvate (figs. 636, 637 p). 
Stamens inserted into the calyx, alternating with the coroUine lobes, and 
equal to them in number; anthers bilocular, free (fig. 637 e); pollen 
spherical Ovary more or less completely inferior, composed of two or 
more carpels; o^^es indefinite (fig. 638); style simple, covered with 
collecting hairs (fig. 637); stigma naked, simple, or with as many 
lobes as there are ovarian cells (figs. 293 s, 637 s). Fruit capsular, 
crowned with the withered calyx and coroUa, dehiscing in a loculicidal 
manner by lateral apertures (figs. 461 11, 639), or by valves at the 
apex. Seeds 00, attached to a central placenta; embryo straight, in 
the axis of fleshy albumen; radicle pointing to the hilum (figs. 640- 
642).—Lactescent herbs or imdershrubs, with alternate, rarely oppo¬ 
site, exstipulate leaves. The hairs on the style are said to be retrac&e, 
and seem to be connected mth the application of the pollen (^ 499). 
The flowers in most instances belong to the cyanic series. They are 
natives chiefly of northern and temperate regions. They abound in 
the alpine regions of Europe and Asia, and are also frequent in North 
America. Alphonse De Candolle states, that the species whose capsule 
delMces by lateral fissures are natives of the northern hemisphere, 
while those with apioilar dehiscence are principally found in the 
southern hemisphere. The nulky juice found in the plants of this order 
has acrid properties. The roots and yoimg shoots of Campanula Ra- 
punculug^ Itampion, are used as articles of diet. Lintfley enumerates 
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28 genera^ inducing 500 species. Eaxmples —Campanula, Phyteuma, 
Jasione. 



928. Order 111.—x^abdiseeie. the Lobelia Family. {Monopet. 
Epigyn.') Calyx superior, 5-lobed or entire. Corolla gamopetalous, 
inserted on the calyx, irregular, more or less deeply 5-deft. Stamens 
5, attached to the <»iyx, alternate with the segments of the corolla; 
anthers cohering; pollen oval. Ovary inferior, 1-3-celled; ovules 00, 
attached either to central or parietal placentas; style glabrous, with a 
fringe of hairs bdow the stigma. Fruit a 1- or raany-celled capsule, 
with apioilar dehiscence. Seeds numerous; embiyo straight, in the 
axis of fleshy albumen; radicle pointing to the hilum.—^Lactescent 
herbs or shrubs, with alternate, exstipulate leaves. They are found 


Figs. 635-642.—Organs of ftoctificatlon of Campanula RaponcnlnSf Rampion, to illastrate the 
xiatuTBl order GampaQnla<»». 

Fig. 635.—Diagram of the flow<»’, diowing five dlTisions of the calyx, five divisions of the 
ooroua alternating with them, flvo alternating stamens, and five cells or the ovary. 

Fig. 636.—Flower-hud. e; Calyx adherent to the ovary, jp, CoroU^ \rtth valvate {estivation. 

Fife 687—Vertical section of the dower. & Calyx cohering with tire ovary, o. j>, Gamo- 
petaums coroUs, s. Stamens with bilocular anwers. s, Lobed stigma at the apex of the s^le, 
which is covered with coUectlng hairs, o, Ovary containing numerous ovules attached to a 
central placenta. 

Fig. m-^Hoxisontsl section of the ovary. 

686.—Auit crowned by the Umb of the calyx, dehiscing by openings at the base. 

Fig. 64(k—Seed in an entire state. 

FiE6iL-Seed cat verticelly. p, Pcrlspenn (albumen), e, Straight embryo In the axis of 
the aummezL with ^e radicle pointing to the hilum. 

Fig. 642.—Embryo detached, showing its fbnn, the cotyledons and ndlcle. 
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both in temperate and warm countries. There are 27 known genera, 
and 375 Bpcdes. Examplea —^Lobelia, Siphocampyhis, Clintonia. 

924. Acridity prevails more or less in the order. The milky juice 
of some, such as LabeUa urens, is said to be vesicant. Ldbdia infiaia^ 
Indian Tobacco, a native of North America, is izsed medidnaUy as a 
sedative, expectorant, and antispasmodic. It is chiefly administe^ in 
cases of asthma. The whole plant is active, but the root and capsules 
are said to be most powerful. In large doses, the pl^t acts as a nar- 
cotico-acrid poison. It owes its properties to a bitter principle called 
Lobelein. The root of Lohelia syjiluMka is acrid and emetic. The 
milky juice of some of the plants of the order contains a considerable 
quantity of caoutchouc. 

925. Order 112.—Grraemcese, the Gesnera Family. (^Monopet. 
rerigyn.) Calyx partially adherent, 5-partite; eestivation valvate. 
Corolla monopetalous, tubular, more or less irregular, 5-lobed; aestiva¬ 
tion imbricated. Stamens 4, didynamous, with the rudiment of a 5th, 
rarely 2; anthers dithecal, witli a thick swollen connective. Ovary 
partly,free, unilocular, formed by two carpels with parietal placentas, 
wluch are 2-lobed; ovules indefinite, anatropal; style continuous with 
the ovary; stigma capitate, concave, glimduhu’ or annular. Disk sur- 
rumidiug the base of the ovary. Fruit capsular or succulent, 1-celled, 
more or less adherent. Seeds 00, minute; testa thin, fluely and 
obliquely veined; embryo erect in the axis of fleshy albumen; radicle 
jwinting to the hilum.—Herbs or shrubs, often springing from scaly 
tubers, with opposite or whorled, rugose, exstipulate leaves, and showy 
flowers. They are found principally in the warmer regions of America, 
and are interesting chiefly on account of their beauty, for they do not 
appear to possess any important qualities. There are 22 known genera, 
and upwards of 120 species. Examples —Gesnera, Columnea, Gloxinia, 
Achimenes. 

926. Order 113.— Ericaceie, the Heath Family. {M&mpet. Hypog.) 
Calyx 4-5-cloft, nearly equal, persistent. Corolla inserted at the base 
of the calyx, or hypogynous, monopetalous (fig. 298), 4-5-cleft, some¬ 
times tetra- or pentapetalous, regular or irregular, often marcescent; 
ajstivation imbricated. Stamens definite, equ^ in number to the seg¬ 
ments of the corolla, or twice as many, inserted with the corolla, and 
either free from it or attached to its l^c; anthers 2-ceUed, cells hard 
and dry, bifid, (fig. 336), usually having appendages at the base 
(fig. 838 a) or apex, dehiscing by apicUar pores (fig. 340) or clefts. 
Ovary free, surrounded at the base by a disk or scales, m^tilocular; 
ovulesOO, attached to a central placenta; style 1, straight; stigma 1, 
undivided (fig. 408) or toothed. Fruit capsular or baccate, many- 
oelled, vrith loculicidal or septicidal dehiscence. Seeds 00, minute; 
embryo cylindrical, in the axis of fleshy albumen; radicle next the 
hilum.—Shrubs, undershrubs, or herbaceous plants, with evergreen. 
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often rigid, entire, verticillate, or opposite, exstipnlate leaves. The 
order contains many beautiful and showy plants, which abound at the 
Cape of Good Hope, and which are found also in Europe, North and 
South America, and Asia. The order has been divided into the fol¬ 
lowing suborders:—1. Erioese, with the testa closely adherent to the 
kernel, including the true Heaths with naked buds, and the Bhododen- 
dron tribe with scaly conical buds. 2. Monotropese, seeds having a loose 
winged testa, indu^g the true Monotropas or Eir-rapes, scaly plants, 
with longitudinally or transversely dehiscent anthers, and PTOlero, or 
the Wintergreen tribe, leafy plants with porous anthers. There are 
52 known genera, and nearly 880 species. Examples —Erica, Calluna, 
Menziesia, Andromeda, Arbutus, Khododendron, Azalea, Monotropa, 
Pyrola. 

927. The plants of the order are not distinguished for medicinal 
virtues. None of the species of Erica are put to any use. There are 
six species of the genus natives of Britain: two of which, E. cinerea and 
Tetrcdix, are common; two are peculiar to Ireland, E. Machmna 
and me^terranea; one is restricted to England, E. ciliaris; and one is 
common to England and Ireland, E. vagcms. Calluna vulgaris, is 
ling, or the common Heather. It has astringent qualities, and has 
been used for dyeing. It is commonly made into brooms. The leaves 
of Arbutus, or Arctostaphylos Cva-Ursi, Bearberry, are used as astrin¬ 
gents, especially in chronic mucotis discharges. Many of the species 
of EAododendron, Asalea, Ealmia, Andromeda, and Ledum, have poi¬ 
sonous narcotic qualifies. These properties are well marked in Wno- 
dodendron Chrysanthum, a Siberian species. It is said that Azalea 
pontica was the plant, the flowers of which yielded the poisonous honey 
noticed by Xenophon in his acootmt of the retreat of the 10,000. 
The fruits of many plants bdonging to the order are eatable, ^ul- 
theria promnihens and SheMon are American shrubs, which furnish 
succulent and grateful berries. They yield a volatile oil Arbutus 
Unedo is called Strawberry-tree, from its fruit resembling a straw- 
beny in aspect. It is, however, by no means agreeable as an article 
of food, and the spedfle name may possibly indicate, that to eat me is 
suflicient. The plant grows at die Lakes of Killarney in a native 
state. Chmaphila {Pyrola) umhellata, a North American plant, has 
been employed as a tonic and diuretic. The leaves have a bitter 
astringent taste, and the fresh plant is irritant. 

928. Order 114.—^TaccUitaeiwe, the Cranberry Family. {Monopet. 
Epigyn.) Calyx superior, entire, 4-6-lobed. Corolla monopetalous, 4-6- 
lob^; sestivation imbricated. Stamens distinct, 8-12, inserted into an 
epigynous disk; anthers bilocular, with two hom-like cells, dehiscing 
by pores (fig. 335). Ovary inferior, 4-5-celled; ovrdes 00; style sim¬ 
ple; stigma simple. Fruit succulent, crowned by the pemstent limb of 
the calyx. Seeds 1 or many in each cell, minute; embryo straight, in 
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the axis of fleshy alb u men; cotyledons vot short; radicle long, inferior. 
—Shrubby plants, with alternate, undivided, exstipulate leaves. The^ 
are closely sffied to Ericaoese, and differ fl:om that order chiefly in then 
adherent (inferior) ovary. They are natives of temperate regions, and 
some of them are marsh plants. Some are astringent, others 3 neld sub¬ 
acid e^ble firuits. Cranberries are produced by Ycuxinmm (kycoccus 
(Oxycoccus palusbis of some), and Y. macrocarpumi Y. Yitis-idim, 
Red Whortleberry, or Cowberry, yields a firait which is often used 
as a substitute for Cranberries. Ihe leaves of the plant are sometimes 
used to adulterate Uva-Ursi. Y. vMgmosum, fotmd in alpine districts, 
produces the bla(i Whortleberry. Yacdnmm myrtillus, yields the 
Bilberry or Blaeberry. There are 15 genera of the order, and 200 
species. Examples —^Vaccinium, Oxycoccus, Thibaudia. 

929. Order 115.—Epacridacece, the Epaoris Family. {Mmopet. 
Hypog.) Calyx 6- rarely 4-parted, often coloured, persistent. Co¬ 
rolla inserted at the base of Ae calyx, or hypogynous, deciduous or 
marcescent, monopetalous, sometimes separable into 5 petals; limb 
with 5, rarely 4, equal divisions, sometimes by the cohesion of the 
segments, bursting transversely; sestivation imbricated or valvate. 
Stamens inserted with or on the coroUa, equal in number to, and 
alternate with its segments, rarely fewer; anthers 1-ceiled (fig. 327), 
wthout appendages, opening longitudinally; pollen round, or formed 
of three united grains, attached to a single central receptacle. Ovary 
sessile, free, m^tiloctdar, rarely unilocular, surrounded by scales at 
the base; ovules solitary or 00; style 1; stigma simple, sometimes 
toothed. Fruit drupaceous, baccate, or capsuto. Seeds dbuminous; 
embryo slender, in the axis of fleshy ^bumen, and about half its length. 
—Shrubs, or small trees, with alternate, rarely opposite, exstipulate 
leaves, which are sometimes half-amplexicaul at the base. They are 
allied to Ericaceaj, and seem to occupy the place of heaths in Australia. 
ITiey are distinguished from heaths by the structure of their anthers. 
They are cultivated for the beauty of their flowers. In some cases 
they yield edible fiuits. One of the plants, called Native Currant in 
Australia, is Leucopogon Bielm. The order has been divided into two 
sections:—1. Epacrese, polyspermous. 2. Slypheliete, monospeimous. 
There are thirty known genera, and 320 species, according to Lindley. 
ExocnpUa —^Epacris, Sprengelia, Styphelia, Leucopogon, Lissanthc. 

930. Order 116.—ooimeiiiBceie. the Columellla Family. {Mmopet. 
Epggn.) Calyx superior, quinquepartite. Corolla rotate, inserted 
into the calyx, 5-8-parted; sBStivation imbricate. Stamens 2, in- 
serte^lin the throat of the corolla; anthers rotmdish, 3-lobed, extrorse, 
each consisting of six linear sinuous cells, arranged in pairs, dehiscing 
lonmtudinaUy, and attached to a 3-lobed fleshy connective. Disk 
lleiy, perigynous. Ovary adhering to the calycme tube, 2-celled; 
ovules 00; style simple, smooth; stigma capitate, 2-lobed. Fruit, a 
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biloodbax, bivEj.viilar capsule, witb both septici^ and loculiddal 
dehiscence. Seeds 00; testa smooth and ooricaceous; embryo straight, 
in lihe axis of fleshy albumen; cotyledons oval, obtuse; r^de long, 
pointing to tha hilum.—Evergreen shrubs or trees, with opposite, 
entire, exsdpulate leaves, and solitary yellow flowers. Natives of 
Mexico and Peru. Their properties unknown. There is 1 genus 
mentioned, including 3 species. EaxmpU —Columellia. 

931. Order 117.—8tr>Bcac«e (Symplodnese of Don), the Storax 
Family. {Monopet. Perygn.) Calyx persistent, with an entire or a 5- 
or 4-divided limb. Corolla gamopetalous, regular, inserted in the 
calyx; ffistivation imbricated or valvate. Stamens definite or 00, 
attached to the corolline tube, of unequal length; filaments ofl;en 
slightly united at their base in one or more parcels; anthers innate, 
diAec^ introrse. Ovaiy eithm" free or cohering more or less to the 
calycine tube, 2-5-celled, Hie septa occasionally d^efident towards the 
centre; ovules 2-4 in each cell or 00, pendulous, sometimes the upper 
ones ascending; style simple; stigma simple. Fruit enclosed in the 
calyx, drupacebus, usually unilocular by abortion. Seeds usually soli¬ 
tary, erect or suspended; embryo slender, in the axis of fleshy albu¬ 
men; cotyledons flat, foliaceous; radicle long, pointing to the hilum. 
—Trees or shrubs, with alternate, exstipulate leaves, and frequently 
stellate hairs. They are chiefly natives of warm countries. There are 
two sections:—1. Styraceae, with a more or less valvate ajstivation of 
the corolla, and long anthers. 2. Symplocese, with a quincundai 
corolline aestivation, and roundish anthers. Lindley gives 6 genera, 
induding 115 species. Examples —Styrax, Halesia, Symplocos. 

932. The plants of the order have in general stimulant, aromatic, 
and fragrant properties. Styrax officinale, a tree inhabiting Syria, 
Arabia, and the southern parts of Europe, is supposed to be the source 
of the balsamic resinous substance caU^ Storax. The resinous juice 
is procured after incisions or punctures by insects. Common Storax 
is imported into Britain from Trieste, in the form of little cakes, having 
a balsamic odour. Besides resin and a little volatile oil, it contains 
from 1 to 2i per cent, of benzoic add. It has been employed medi¬ 
cinally as a pectoral remedy. Styrax Benzoin is a tree 70 or 80 feet 
high, a native of Sumatra and Borneo, which yields by incisions the 
concrete balsamic exudation called Benzoin. "Wnen fine, this substance 
contains about 80 per cent, of re.sin, and nearly 20 of benzoic acid. 
It is used medidn^y as a stimulant expectorant, and is one of the 
ingredients in the edebrated Friar’s balsam. It exists also in other 
empiriod Remedies, such as Riga balsam and Jesuits’ drops. Be||^in is 
generSfly used for flimigation and incense. Pastilles are made mix¬ 
ing it with balsam of tolu, sandal-wood, labdanum, charcoal, nitre, gum, 
and tragacanth. Haksias are the Snow-drop trees of Carolina. Some 
of the species of Symplocos are used for dyeing; others are used as tea. 
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933. Order 118.—«ta»»ce«,the Ebony Family. (Mompet. S^pog^ 
Flowers hermaphrodite or tmisexuaL Calyx 3-7-divided, nearly 
equal, persistent. OoroQa gemopetalous, regular, deciduous, somewhat 
coriaceous; limb with 3-7 divisions; sestivation imbricated. Seamens 
either atta^ed to the corolla, or hypogynous, 2 or 4 times as many as the 
oorolline segments, rarely equal to them in number, and then alternate 
with them; filaments usually in two rows, the inner row having smaller 
anthers; anthers erect, lam^olate, bilocular, with longitudinri dehis¬ 
cence. Ovary free, sessile, multUocular; ovules 1-2 in each cell, pen¬ 
dulous; style divided, rarely simple; stigmas bifid or simple. Friiit 
fleshy, roimd or oval, the pericarp sometimes opening regularly. 
Seeds few; testa membranous; embryo straight, nearly in the axis of 
cartilaginous albumeu; cotyledons leafy; radicle taper, next the 
hilum.—^Trees or shrubs, not lactescent, with alternate, exstipulate, 
coriaceous leaves. They are chiefly foimd in tropical regions, and 
many speraes are met with in In^ The plants are in general 
remarkable for the hardness and durability of their wood. Some yield 
edible firuit. Diospyros Ebmus, and other African and Asiatic species, 
supply Ebony, which is the black duramen of the tree. Other species 
of Dwqiyros furnish Ironwood. Diospyros virgimana, the Persimmon, 
yields a friiit (sometimes called the Date-plum) which is austere when 
green, but becomes sweet and eatable when ripe, especially after 
being acted on by frost. D. KcM is the Keg-fig of Japan, the fluit 
of wMch resembles a plum. lindley notices 9 genera, including 160 
species. Ahwmpfes—-Diospyros, Eoyena, Maba. 

934. Order 119.—AqarUaiiacen (HicinesB of some), the Holly Family. 
{Monopet. Hypog.) Sepals 4-6; SDstivation imbricated. Corolla mono- 
XwtalouB, hypogynous, 4-C-parted; sestivation imbricate. Stamens 
inserted into the corolla, alternate with its segments, and equal to 
them in number; filaments straight; anthers adnate, bilocular, in- 
trorse. Disk 0. Ovary free, fleAy, somewhat truncate, 2-6-celled; 
ovules solitary, anatropal, pendulous from a cup-shaped funiculus; 
stigma nearly sessile, lobed Fruit fleshy, indehiscent, with 2-6 mono- 
spermous nucules, and hence it is sometimes called a nuculanium 
(H 553). Seed suspended; albumen large, fleshy; embryo small, lying, 
next the hilum; cotyledons small; radido superior.—^Evergreen trees 
or shnrbs, with alternate or opposite, coriaceous, simple, exstipulate 
leaves. They are found in various parts of the world, as in Europe, 
North and South America, and Afiica. Lindley enumerates 11 genera, 
including 110 spedes. EaxmpUa —^Ilex, Prinos. 

985, Astringent and tonic properties seem to pervade the order. 
Ilex Aguifolkm, the common HoUy, is a native of Europe, and is one of 
the indigenous plants of Britain. It forms excellent fences and hedges. 
At lynningham, in Scotland, there are 2952 yards of holly hedges, most 
of them upwards of 130 years old. These hedges vary in height from 

2 G 



450- 


SAFOTACEA. 


10 to 23 feet, and th^ are 9 to 13 feet wide at the base. The leaves 
and bark of the Holly are said to possess tonic and febrifuge-properties; 
while its succulent fruit (berries) are emetic and purgative. Its wood is 
whke and hard, and is much esteemed in turnery, joinery, and cabinet 
wosrk, while its bark furnishes birdlime. lUx Paraguayenm fttmishes 
Teiha Mafe or Paraguay Tea, which is used extensively in some districts 
of South America. The leaves of the plant yield the bitter principle 
called Theine, which has been mentioned as existii^ in tea and coffee. 
Other species of Ilex are employed in Brazil for a similar purpose. 
The black drink of the Creek Indians is prepared from the leaves of 
Ilex vomiUyria. 

936. Order 120.— Sapotaceie, the SappodiUa Family. {Mompet. 
Hypog.) Flowers hermaphrodite. Calyx regular, with 5, sometimes 
4-8 ^visions, persistent; aestivation vdvate or imbricaie. Corolla 
monopetalous, hypogynous, deciduous, regular, its lobes equal to, rarely 
twice or thrice as many as, those of the caljrx. Stamens inserted on 
the corolla, definite, ^tinct; fertile ones as many as, rarely more 
than, the segments of the calyx, with which they alternate; sterile 
ones alternating with the fertile ones, rarely wanting. Disk 0. Ovary 
fiw, multilocular; ovules solitary, anatropal, ascending or pendulous; 
style 1; stigma simple, sometimes lobed. Fruit fleshy, multilocular, 
or by abortion unilocular. Seeds nut-like, solitary; testa bony and 
shining, with a long scar on its iimer fece; embryo large, erect, white; 
albumen usually fleshy, sometimes 0; cotyledons in tiie albrnuinous 
seeds, foliaceous, in the exalbuminous, fleshy; radicle straight or 
slightly curved, pointing to the hilum.—^Lactescent trees or shrubs, 
with mtemate, exstipulate, entire, coriaceous leaves. , They are natives 
chiefly of the tropical parts of India, Africa, and America. The num¬ 
ber of known genera noticed by lindley is 21, species 212. 

937. Many of the plants of this order yield edible fimits, while 
others supply oily matter. Some act as tonics, astringents, and febri¬ 
fuges. Aehras ihpota, and other species, furnish the Sappodilla Plum 
and Naseberry, well-known West Indian fimits; while Aehras mmnmom 
yields the fruit called Marmalade. The bark of some of the species 
of Aehras is tonic and astringent, and the seeds of several have laxa¬ 
tive properties. The fruit of Chrysophyllum Gcumto is the Star-apple. 
Anotiier species of the genus supplies the Surinam Medlar of Euro¬ 
peans. Various species of Bassia yield oil. B. Parhii is said to be 
the source of the Shea butter, and hence the tree is called the 
Butter-tree of Park. B. hutyraeea, the Madhuca-tree, gives a simitar 
product, which is used as butter in NipaL The milky juice of some 
of the plants contains elastic matter. Isonandra Chttta is the source 
of Gutta Percha, a kind of caoutdiouc, which softens at a moderate 
temperature, and is now extensively used for the soles of shoes, ropes, 
straps, casts, and various articles for domestic use. 
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938 Order 121.—^simbneeie, lie Myrsine Family. {Monojxt. 
Hypog.) Flowers hermaphrodite or occasioiially unisexual. Myx 

4- 5-deft, persistent. Corolla monopetalous, hypownous, 4-5-deft, 
equal Stamens 4-5, inserted into the coroUa, and opposite to its 
segments; filaments distinct, rardy united, sometimes 0, occasionally 5 
sterile petaloid alternating ones; anthers sagittate, erect, bUocular, 
with longitudinal dehiscence. Ovary fi'ee or slightly adherent, unilo¬ 
cular ; ovules definite or indefinite, campylotropal, immersed in a fi^e 
centrd placenta; style single; stigma simple or lobed. Fruit fleshy, 
1- or many-seeded. Seeds angular or roundish, with a concave hUum, 
and a membranous spermoderm; albumen homy; embiyo usually 
curved, often heterotropal; cotyledons short; radicle horizontal when 
the seed is solitary, inferior when there are several seeds.—^Trees, 
shrabs, or todershrabs, with alternate or opposite, coriaceous, exsti- 
pulate leaves. They are much restricted as regards their geographical 
limits, and they are said to abound chiefly in islands with an equable 
temperature. They are found in Afnca, Asia, and America. Little 
is known regarding their properties. Theophrasta Jussimi is a prickly- 
leaved shrab, which is called Coco in St. Domingo. Its seeds are 
eatable, and a kind of bread is made fi:om them. The Arddsias are 
prized for the beauty of their foliage. There are 31 known genera, 
and 325 species. Examples —Myrsiae, Ardisia, Msesa, Jacquinia. 

939. Order 122.—jranmiDBcefe. the Jasmine or Jessamine Family. 
{Monopet Hi/pog.) Flowers g . Calyx with 5-8 divisions or teeth, per¬ 
sistent. Corolla monopetalous, hypogynous, regular, salver-shaped, with 

5- 8 divisions; mstivation twisted or valvate. Stamens 2, inserted on 
the coroUa, included; anthers bilocular, with longitudinal dehiscence. 
Disk 0. Ovary free, 2-ceIled; ovules erect, anatropal, 1-4 in each 
cell; style 1; stigma 2-lobcd. Fruit a double berry, or a pyxidium, 
or a 2-valved capsule. Seeds usually solitary, rarely in pairs, albu¬ 
minous or exalbuminous; embryo straight; radicle inferior.—Shrubs, 
often with twining stems, and opposite or alternate, pinnate leaves. 
They abound chiefly in the tropied parts of India. They have fre¬ 
quently fiugrant flowers which yield oils, and their leaves and roots 
are sometimes bitter. The essential oil of Jasmine is procured from 
Jasminum officinale, grandijlorum, odoralissitnum, and Sambac. There 
are 5 known genera, and 100 species. Examples —Jasminum, Nyc- 
tanthes, Bolivaria. 

940. Order 123.—oieoeetp, the Olive Family. (Mowpet. Hypog.) 
(Fig. 254.) Flowers ^, sometimes S ? . Calyx gamosepalous, divided, 
persistent. Corolla gamopetalous, hypogynous, 4-clefl;, sometimes of 
4 petals which are connected in pairs by means of the filaments, some¬ 
times 0; sestivation somewhat valvate. Stamens 2 (rarely 4), alternate 
with the corolline segments; anthers dithecal, with longitudinal dehis¬ 
cence. Disk 0. Ovary 2-celled; ovules in pairs, collateral or 
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pendTjloaa; style 1 or 0; stigma entire or bifid. Fruit drupaceous, 
baccate or capsular, sometimes samaroid (fig. 437). Seeds often by 
abortion solitary; albumen dense, fleshy, abundant; embryo straight, 
about half the length of the albumen; cotyledons leafy; radicle 
superior.—^Trees or shrubs, with opposite leaves (fig. 254), which are 
eimer simple or compound. Found chiefly in temperate regions. 
They occur in North America, Asia, Eiuropc, and New HoUand. 
There are two sections of die order:—1. Oleas, with a drupaceous or 
berried Suit. 2. Fraxineae, with a samaroid (winged) Suit. lindley 
mentions 24 genera, including 130 species. Bxamphs —Olea, Ligus- 
trum, Fraxinus, Syiinga. 

941. The plants of the order are bitter, tonic, and astringent, and 
some yield fixed oil. Olea mropcea is the Olive-tree, the m of the 
Bible, the ex«/« of the Greeks. It grows naturally on the coast of 
the Mediterranean, and is cultivated in many parts of the south of 
Europe. There are several varieties of the plant, two of which have 
been long distinguished—^the wild and cultivated. The former is an 
evergreen shrub or low tree, with spiny branches and round twigs; 
the latter is a taller tree, without spines, and with four-angled twigs. 
The fixiit is a drupe, about the size and colour of a damson. Its fleshy 
pericarp 3 delds by expression olive oil, of which the finest comes from 
Provence and Florence. It consists of two oleaginous principles— 
Margarin and Elain. Olive oil has nutrient, emollient, and laxative 
properties. It is used in forming ointments, liniments, and plasters. 
The bark of the Olive-tree has been used as a tonic; and a resinous 
exudation from it, called Olivile, or Olive-gum, or Lecca-gnm, is em¬ 
ployed in the same way. Spani^ or Castile soap is made by mixing 
olive oil and soda, while soft soap is made by mixing the oil with 
potash. The flowers of OUa Jragrans, the Lan-hoa of the Chinese, are 
used to perfume teas. Several species of Omus, more particularly 
0. rotunMfoUa and 0. euntpcea, yield a sweet exudation called Manna, 
a substance completely different from the p (manna) of the Bible, on 
which the Israelites fed. The Manna or Flowering Ash is a native 
of southern Europe, and grows abundantly in the south of Italy and 
Sicily, whence the Manna of commerce is imported. The tree attains 
a height , of 20 or 80 feet, and it has a fine appearance when its clusters 
of winte flowers are produced. There is a very fine Manna-ash in the 
Edinburgh Botanic Garden. Manna is the concrete juice of the tree, 
which flows out after incisions or insect punctures. It contains a 
peculiar sweet principle called Mannite. Manna is nutritive and laxa¬ 
tive, and is sometimes administered to infants and young children, on 
account of the mildness of its action. Syrin^a vulgaris, common Lilac, 
lias a febrifuge bark. Frasmus excelmr, the common Ash, is one of 
the trees which comes late into leaf, and the leaves of which fell off 
early in autumn. Some specimens attain the height of 70, 90, or 



ASCLEPIAJ>ACEwE. 458 

100 feet, with a circumference of 20 or 30 feet. The wood of the 
tree is toogli and elastic, and is used for oars, as well as by coach- 
makers, &c. The wood of its roots is beautiJuUy veined. The pendu¬ 
lous variety, calted Weeping-ash, is often engrafted on the common 
Ash, so as to produce a better effect The leaves of Ligustrwm mlgare, 
common Privet (fig. 254), are astringent L. hundum yields a kind of 
waxy excretion, which is used in China for economical purposes. 

942. Order 124.—^AaciepiwiBcera. the Asdepias Family. {Monopet. 
Hypog.') (Figs. 353, 643-651.) Calyx 5-&vided, persistent (fig. 
646 c). Corolla sympetalous (monopetalous), hypogynous, regular, 
5-lobed (figs. 644, 645 p p), deciduous; testivation imbricate, rarely 
valvate. Stamens 5, inserted into the base of the corolla, and alternate 
TOth its segments (fig. 646 e); filaments usually combined so as 
to form a tube; staminal tube rarely naked behind, generally ftir- 
nislied with a corona (crown) of variously-formed leaves, which are 
cither distinct or connate. Anthers bilocular, each cell sometimes 
spuriously divided; pollen, when the anther dehisces,' cohering in 
masses (poUinia), which are either as numerous as the cells, or are 
confluent in pairs, and adhere to the five stigmatic processes, either in 
sets of two or four, or singly (figs. 349, 353, 647). Ovaries 2 (fig. 
646 o); ovules 00; styles 2, dosdy approaching each other (fig, 646 s), 
often very short; stigma common to both styles, dilated, quinqnangu- 
lar; the angles furnished with, cartilaginous corpuscles which retain 
the poUinia, or with glands (figs. 645, 646 g). Fruit consisting of two 
follicles (sometimes only one by abortion), having a placenta on the 
ventral suture (fig. 649). Seeds 00, imbricate, pendulous, usually 
comose (hairy) at the hilum (fig. 650); albumen thin (fig. 651 p); 
embiyo straight; cotyledons leafy; radicle superior (fig. 651 e ).— 
Shrubs, or occasionally herbs, usually with milky juice, and often 
twining. The leaves are usually opposite, sometimes alternate or 
verticillate, with interpetiolary cilia in place of stipules. The gynoste- 
gium (yvv4 pistil, and ^riya, I cover), stamiaal crown or peculiar- 
hooded (cucuUate) appendages, prolonged fi’om the tube of the 
filaments, which occur in many of the plants of this order give a 
peculiar aspect to their flower (see fig. 353)^ They inhabit diiefly 
warm and tropical regions, but many species extend to northern 
climates. Many succulent species are found in the south of Afiica. 
Lindley enumOThtes 141 genera, including 910 species. Examples — 
Periploca, Asdepias, Calotropis, Cynanchum, Gonolobus, Stapelia, 
Hoya, Dischidia. 

943. The plants of the order have acrid, purgative, emetic, and 
diaphoretic properties. Jfhe miliy juice is usmdly bitter and acrid, 
but occasionally it is blamd, and ^ used as milk, as in the case of 
Oymnema tactifemm, the Cow-plant of Ceylon. Asetspias tiiberosa, the 
Butterfly-weed, or Pleuriy-root, is used as a cathartic and diaphoretic 
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in No^th America. The emetic properties of Aset^pms curammca 
have Mcured for it the name of Wild Ipecacuanha, in the West Indies. 
The l^ves of Solenostemma (Cynanchim) Argel, are used to adulterate 



Kgs. 648-651.—Organs of firncOflcntlon of Asclepias nivca, to illnstrate tlio natural order 
Asclepiadaceje. 

Pig. 643.—Diagram of the ilower, wltli five divisions of the calyx, five segments of the coroDn. 
five stamens^miu two ovaries. ^ 

Fig. 644.—The entire flower, p, Co<6!Ja, with flve lohes. o, Appendages forming the staminal 
crown (corona). 

Fig. 645.—The flower viewed ftoni'above. p p, Gamcgwtalous corolla with its five lobes. 
a <a Appendages forming the corond or crown, p p, Glandular bodies attached to the sticina. 
and beuiiig tbe poDen-masses (poUlnia). ^ 

Pig. 646.—The flower cut verflcally. c, Calyx, p, Corolla, o o. Coronal appendagea r, Sta- 
mena o, Ovary, s, Styles which are united at tho upper part by means of the large stigma, 
at the base of which, towards the points p p, the pollen tubes enter. » » 

Pig. 647.—Two pollen-masses, m, attached by two prolongations, p, in the form of a caudicle 
or tall, to another body, p, formed by the union of two stlgmatic glmds. p, Pollen-grains with 
tubes berinning to escape from the maasea 
Fig. 648.—One of the poUen-gralns, with Its tube separated and highly magnifled. 

Kg. 649.—Fruit at tho period of dehiscence. //, Two follicles, p. Placento, which Is de¬ 
tached. p, Comose aeeda 

Kg. 660.—One of the comose seeds separated, o. The hairy appendage at the hllnm. 

Fig. 6S1—Seed separated from flie hairs and cut vertically, te. External Integument f< In- 
Info^ment .p, Perisperm or thin albumen, e, Eminyo, with leafy cotyledons and 
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Alexandrian Senna. The fragrant roots of ffemidemus indkus are 
used in Madras as a substitute for Sarsaparilla, under the name of 
Country Sarza. The bark of the root of several species of Caloiropis, 
such as C. procera, Hcmiltomi, andgigantea, ftimish the substance csfied 
Mudar, which is used as a diaphoretic in India. It contains a principle 
called Mudarine, which gelatinizes on being heated, and becomes fluid 
on cooling. Chpumehum monspeliacim furnishes MontoeUier Scanunony, 
find Periphoa mauritiana is the source of Bourbon Scammony. Both 
of these substances act as purgatives, and are used to adulterate true 
Scammony. Marsdenia tincUma and G^frnnsma tingens are said to 
yield a dye similar to indigo. The nodlky juice of many of the plants 
contains caoutchouc in its composition. Hoya camosa receives the 
name of wax-flower from the peculiar aspect of its blossoms. Dh- 
cfudia RaJJlesiana, an Indian climber, has remarkable ascidia (If 164). 
The StapeUas are singular plants, resembling some of the Cactuses and 
Euphorbias. Their blossoms arc often very fetid, and hence they are 
called Carrion flowers. Some of the species of Asckpius receive the 
name of Wild Cotton, on account of the hairs attsushed to their seeds. 
Gomphocarpusfructicoms is tlie silk-plant of Madeira. 

944. Order 125.— Apoer«iBce*e, the Dogbane Family. {Motupet. 
Hypog.) Calyx usually 5-partite, persistent. Corolla hypogynous, 
gamopetalous, regular, usuily 5-lobed, deciduous; testivation con¬ 
torted, twisting in some cases to the right, in others to the left. Sta¬ 
mens 5, inserted on the corolla, alternate with its segments; filaments 
distinct; anthers 2-celled, dehiscing longitudinally; pollen granular, 
globose, or 3-lobed, immediately applied to the stigma. Ovaries 2, 
and each unilocular, or uni-, and bilocular; ovules 00; styles 2 or 1; 
stigma 1, with a contraction in the middle. Fruit follicular or capsu¬ 
lar, or drupaceous or baccate, double or single. Seeds 00, rarely 
definite, usually pendulous; albumen cartilaginous or fleshy, rarely 0; 
embryo foliaceous; radicle turned towards the hilum.—^Trees or shrubs, 
usually lactescent, with entire, generally opposite, exstipulate leaves, 
tvith interpetiolary cilia or glan<S. They are chiefly found in tropical 
regions. lindley enumerates 100 genera, including 566 species. 
Examples —^Apocynum, Echites, Nerium, Balfouria, Vinca, Tanghinia, 
Plumieria, Carissa. 

945. Many of. the plants of this order are poisonous. Some are 
used medicinally, as cathartics, and there are a few which yield edible 
fruits. The order is in gener^ to be regarded with suspicion. One 
of the most deadly plants of the order is Tanghiim venenata (Cerbera 
Tanghin), the seeds of whidi supply the famous Tanghin poison, used 
formerly in Madagascar as an ordeal in cases of criminals. Nerium 
Oleander, the common Oleander, is poisonous. The stomata of its 
leaves are formed by means of cellular hair-like processes (fig. 76), 
and the anthers are terminated by feathery appendages (fig. 334). 
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ITie TOCffe «f Apooftmn canricihim/m and androsam^olium are said to 
be emetia The Vincaa, Periwinkles, are astringent and acrid. AUa- 
mcenda cathartica, a native of Ceylon and Java, is emetic and cathartic. 
Although the milky juice is generally acrid, still in some instances it 
is bland. Thus, the juice of Tabernwmontana vMlh, Hya-hya, the Cow- 
tree or Milk-tree of Demerara, is used as milk. Mmy of the plants, 
such as Urceola elastica and Vahea gummifera, supply caoutchouc. 
Wrightia tinctoria yields a dye like Indigo. A^aidoqierma excelmm 
is a Guiana tree, remarkable for the sinuous arrangement of its wood, 
whidi gives the stem a deeply-fluted appearance. 

946. Order 126.—i.oKBiiiKcc»e, the Lpgania Family. {Monopet. 
Hypog.) Calyx 4-5-partite (fig. 287 c); sestivation valvate or imbri¬ 
cate. Corolla hypogynous, regtdar or irregular, 4-5- at 10-divided 
(fig. 287 t Q; sestivation convolute or valvate. Stamens inserted on 
the corolla, 5 or 1, not always corresponding with the divisions of the 
corolla; pollen elliptical or triangular, simple, or marked with three 
bands.' Ovary free, usually 2-celled; ovules 00 or solitary, peltate 
and amphitropal, or ascencfing and anatropal. Fruit a 2-<^ed cap¬ 
sule, with placentas finally becoming loose; or a nucnlanium with 
1 or 2-seeded nucules; or baccate, with seeds immersed in a pulp. 
Seeds usually peltate, sometimes winged; albumen fleshy or cartila¬ 
ginous; embryo small; radicle turned towards the hilum, or parallel 
with it.—Shrubs, herbs, or trees, with opposite, entire leaves, and 
usually with stipules, which adhere to the footstalks, or form inter- 
petiolwy sheaths. They inhabit chiefly tropical and warm climates. 
The order is divided into three suborders:—1. Loganiete, ajstivation 
oS corolla convolute, fiuit a bilocular capsule or nuculanium, seeds 
peltate, sometimes winged. 2. StrychnesB, mstivation of corolla val¬ 
vate, firuit a‘2-3-ceIled berry or’capsule, seeds peltate, embryo rather 
large. 3. SpigeliesB, sestivation of corolla valvate, fimit a didymous 
capsule, see^ apterotis, embryo small, cotyledons inconspicuous. 
Ihere ate about 24 known genera, and nearly 170 species. Exampks 
V-Logania, Potalia, Strychnos, Spigelia. 

947. The plants of this order are highly poisonous. They act 
energetically on the spinal marrow, causing tetanic spasms, or they 
produce narcotic symptoms by acting on the brain. Many are veiy 
bitter, and a few are tonic Strychnos Nux- Fowwo, the Poison-nut or 
Koo«flila, a tree which abounds on the Malabar and Coromandel coasts, 
sqpjplies the substance called Nux-Vomica. It yields fruit of the size 
and'.'f^pearanoe of an orange, with a coriaceous reddish integument, 
enddsmg a. mumlaginous pmp. The seeds, which are imbedded in 
the pTilp, are the ofiSciiml part of the plant. They are circnlar and 
flat, umbilicati^ on one' surface, and are thickly covered with brown 
silky hairs. All parts of the plant, especially the seeds and bark, are 
.inteasely bitter. The seeds contain two alkaloids, Sttyohnia and 
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Bruoia, to which they owe their poisonous propCTties. These alkaloids 
occur in combination with Igasuric or Stiychnic acid. Nux-Vomica 
and Strychnia, in poisonous doses, cause death by producing tetanic 
spasms in the musdes of respiration. The bark of the Nux-Vomica 
tree is the ialse Angustura bark, and the wood is often called Lake¬ 
wood. Strychnia exists in other species of Strychnos, as S. Ignatin 
(Ignatia amara^ St Ignatius’s Bean, S- colubrina and S- ligustrina, 
Snake-wood, S. 2'ieute, the source of a Java poison called Upas 
Tieut(i. It is also said to exist in the Woorali or Ourari poison of Guiana, 
which some consider to be the produce of S. tooacaria or guianenm. 
The effects of this last-mentioned poison, however, do not seem-to 
agree with those of Strychnia. Strychnia stimulates the spinal coijd 
without affecting the fiinction of the brain. It causes convulsive 
twitches of the muscles of the arms and legs, and hence it has been 
recommended in cases of chronic palsy, unconnected with any signs 
of local irritation or determination of blood to the head. Its adminis¬ 
tration requires great caution, as | of a grain have been known to 
produce alarming lock-jaw, and ^ of a grain has killed a dog. Some 
species of Strychnos seem not to possess a poisonous principle in large 
quantity, for they are *used as tonics .and febriftiges. Among them 
may be noticed Strychnos potatorum and psmdoquim. The former is 
called Clearing-nut, and is used in India for purifying water. The 
root of Spigelia maritanMca-, Carolina Pink-root (fig. 287), is used as 
iui anthelmintic, more particularly in the United States. S. Anthdmia, 
Guiana Pink-root, is employed in Demerara for a similar purpose. 
These plants also possess narcotic qualities. 

1148. Order 127.—oeutiaoBcen, the Gentian Family. [Monepet. 
llypog.) (See fig. 248.) Calyx gamosepalous, usually in 5;divisions, 
sometimes 4-6-8 or 10 divisions, persistent. Corolla gamopetalous, 
hypogynous, usually regular and marcescent; limb sometimes fiinged, 
divided into as many lobes as the calyx; sestivation plaited or imbri- 
cate-twisted. Stamens inserted upon the corolla, alternate with, its 
segments, and equal to them in number, some of them occasionally 
abortive. Ovary composed of 2 carpels, unilocular or partially bilo¬ 
cular (fig. 389); ovules 00, anatropal; style 1, continuous; stigmas 
1 or 2. Fruit capsular or baccate, 1-celled (fig. 389), usually bival- 
vular, with septicidal, or rarely locuhcidal dehiscence. Seeds 00, small; 
embryo straight, minute, in the axis of soft fleshy albinnen; radicle 
next the hilum.—Herbs, seldom shrubs, with opposite (%. 248), rarely 
alternate, entire or divided, exstipulate leaves, which are often 3-5- ' 
ribbed. The plants of the order are distributed generally over the ' 
globe, inhabiting both cold and warm regions. They are rare in the 
arctic and antarctic islands. They exhibit great varieties of colours, 
and many are prized for their beauty. There are two suborders :■— 
1. Gentianese, sestivation of corolla imbricate-twisted, leaves opposite, 
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simple, and entire. 2. Menyantheee, aestivation of corolla plaited or 
indnplicate, leaves usually alternate and compound, or divid^. Idnd- 
W mentions 60 genera, mduding 450 species. Examples —Gentiana, 
Cmironia, Agathotes, Erythrsea, Chlora, Menyanthes, Villarsia. 

949. The general property of the pknts of this order is bitterness, 
■which pervades all their organs. Hence they are used as tonics. The 
medicinal gentian is the root of Gentiana Ivtea, a plant which grows 
abundantly on the Pyrenees, and on the Alps of Switzerland and 
Austria, usually at an elevation of 3000 to 5000 feet. It produces 
showy yellow flowers, and its root is yellow internally. It is adminis¬ 
tered in the form of extract, infusion, tincture, and wine, as a tonic. 
Its roots are often mixed -with the roots of other species, such as Gen- 
tkma punctata, purpurea, and pannonica. Gentiana Kurroo of the 
Himalayas has similar properties. The British species, Gentiana cam- 
pestris and A warello, have also been used as bitter tonics. The officinal 
Chiretta is the herb and root of Agathotes Chirayta {Ophelia Chirata\ 
a herbaceous plant found in-the Himalayas. The whole plant is bitter, 
and has been long used in Bengal as a tonic and stomachic. The 
flowering cymes of Erylhrcea Centemrium, common centaury (fig. 248), 
are used as a substitute for gentian, and so are the leaves of Menyan¬ 
thes trifoliata. Buck-bean, Marsh-trefoil, or Bog-bean. The roots of 
Frasera Walteri sometimes receive the name of American Calumba. 

950. Order 128.—^BicBoniaceie. the Trumpet-flower Family. {Mono¬ 
pet. Hypog.') Calyx diitided or entire, sometimes spathaceous. Co¬ 
rolla monopetalous, hypogynous, usually irregular, 4-5-lobed. Stamens 
5 and unequal, or 4 and didynamous, some of them occasionally 
sterile; anthers bilocular. Disk annular or glandular. Ovary superior, 

1- 2-oeIled, each cell being often spuriously di-vided; ovules indefinite; 
style 1; stigma bilamellar (fig. 406), or 2-4-cleft or entire. Fruit a 

2- celled (sometimes spuriously 4-c^ed) and 2-valved capsule, occa¬ 
sionally succulent. Placentas parietal, sometimes extending to the 
centre, and forming a spurious dissepiment, which finally separates, 
bearing the seeds. Seeds winged or "wingless, often flat and com¬ 
pressed, exalbuminous; embryo straight; radicle next the hilum.— 
Trees, shrubs, or herbs, with opposite, rarely alternate, exstipulate 
leaves. They abound generally in tropical regions, but some of them 
are -widely distributed. The order has been divided into four sub¬ 
orders :—1. Bignonie®, capsule 2-valved, 2-celled, smnetimes spuri¬ 
ously 4-celled, with a dissepiment parallel or contrary to the vives, 
at length fme, bearing the seeds, which are transverse, compressed, 
and winged. 2. Cyrtandrete (Didyrmocarpese), fruit succulent or capsu¬ 
lar, or ^quose and 2-valved, seeds small, ovate, or cylindrical, sus¬ 
pended, apterous, sometimes comose. 3. Grescentiee, firuit woody, and 
melon-shaped, enclosing large seeds which are immersed in the pulp of 
the placentas. 4. Pedalie®, fruit drupaceous, rarely capsukr and 
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2- valved, spuriously many •celled; seeds few, large and apterous, pendu¬ 
lous, erect or transverse. These are reckoned separate orders by many. 
There are upwards of 100 known genera, and about 650 species. 
Examples —Bignonia, Spathodea, Eccremocarpus, Cyrtandra, Didy- 
mocaipus, Crescentia, Pedalium, Sesamum. 

951. liiere are many showy plants in this order. Their flowers 
are frequently large and trumpet-shaped. None of them are noted 
for marked medicinal properties. Some are timber trees, others fur¬ 
nish dyes and articles of diet, while a few have bitter and astringent 
qualities. The species of Bigruma arc conspicuous objects in tropical 
forests. Their wood sometimes exhibits a crucial arrangement (fig. 
107.) From Bigmma Chka, the Indians extract a red ochreous colour¬ 
ing matter, with which they paint their bodies. Crescentia Cujefe, 
the Calabash-tree, is found in the tropical regions of America, and pro¬ 
duces a largo melon-like fruit, cohtauiing a slightly acid pulp which is 
sometimes eaten. Its pericarp is hard, and after removal of the pulp 
it is used as cups and bottles. Teel seeds, the produce of Sesomum 
arientale, supply a bland oil, called by the Arabs Siritch. It is used 
under the name of gin^ee oil to adulterate oil of almonds. The fruit 
of the species of Uncaria and Martynia, tlie Unicom-plant, is furnished 
with hooked processes. In the perfect fruit of Pretrea {Martynia) 
Zanyudniricc^ there are 6 cells formed by the mode in which the 
placentas unite, and of these cells two are seedless. 

952. Order 129.—^Poiemoniaccfe, the Phlox Family. {Monopet. 
Hypog.) Calyx inferior, in 5 divisions, persistent, sometimes irregukr. 
Corolla regular, rarely irregular, 5-lobed. Stamens 5, inserted on 
the middle of the tube of the coroUa, and alternate with its segments; 
pollen often blue. Disk lobed. Ovaiy free, 3-celled; ovules ana- 
tropal or amphitropal; style simple; stigma trifid. Fruit a 3-celled, 

3- valyed capsule, with septifragal dehiscence. Seeds angular <» oval, 
or winged, often enveloped in mucus, containing spiral threads, as¬ 
cending, in a single or a double row; embtyo straight, in the axis of 
a fleshy or homy albumen; cotyledons foliaceous, elliptical or cozdate; 
radicle inferior, next the hilum.—^Herbaceous or climbing plants, with 
opposite or altemati^ simple or compound leaves. They inhabit tem¬ 
perate countries chiefly, and they abound in the north-western, part 
of America. There are 17 genera enumerated by lindley, including 
lo t species. Examples —^Polemonium, Phlox, Cobsea (fig. 318). 

953. Many of the plants of this order have showy flowers, and are 
commonly cultivated in flower-borders. Connected with the epi^erm 
of various species of Collomia are numerous spiral cells, and when the 
seeds are moistened with water, the mucus surrounding the epfls is dis¬ 
solved, so that the spiral fibres axe imeoiled. The movements of these 
fibres, when uncoiUng, are beautififlly seen under the microscope. 
The fibres carry with them a mucous envelope which has the appear- 
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ance of a membrMie. PoUmmim caendmm, Greek Valerian, or Jacob’s 
ladde^ is bitter. 

95i CWer 180.—HTdrophTllaceie, the Hydrophyllum Family. 
{Monopet ^ypog.) Calyx 5-parted, persistent. Corolla monopetalous, 
hy^gynous, regiiiax, 5-cleft; sjstivation plicate or imbricate. Stamens 
5, inserted upon the corolla, and alternate with its segments; filaments 
sometimes petaloid; anthers deeply-lobed at the base, often versatile, 

2- celled, dehiscing longitudinally or transversely. Disk annular or 0. 
Ovary fiee, 1-2-3-oell^; ovules definite or indefinite; style 1 or 2; 
stigmas usually 2. Fruit capsular, 2-valved, 1-2-celled, with a parie¬ 
tal, or a large central placenta. Seeds with a brittle or reticulated 
testa; embryo in the midst of fleriiy or cartilaginotis albumen; radicle 
next the hilum;—^Trees, shrubs, or herbs, with opposite, or alternate, 
exstipulate, often lobed leaves. They occur both in the northern and 
southern parts of America chiefly. They have no properties of im¬ 
portance. Many have showy flowers, and some have glandular or 
stinging hairs. The order has been divided into two suborders:— 

1. Hydrophyllese, including HydroUese of authors, with the anthers 
dehiscing longitudinally, ^k present, ovary 1-2-celled, styles 2. 

2. Diapensiese, with anthers dehisciag transversely, disk 0, ovary 

3- celled, style single. There are 18 known genera, and 77 species. 
ExampUe —HydrophyUum, Hydrolea, Nemophila, Phacelia, Diapensia. 

955. Order 131.—Oonvolvaiacefe, the Convolvulus or Bindweed 
Family. {Morwpel. Hypog.) Calyx in 5 divisions, perastent, imbricated, 
ofl»n bracteated (figs. 652-654). Corolla monopetalous, hypogynous, 
deciduous, regular; limb 5-lobed, with a plaited or imbricated mstiva- 
tion (fig. 653y)); tube sometimes with sedes, alternate with the lobes 
of the limb. Stamens 5, inserted in the base of the corolla, and alter¬ 
nate with its lobes (fig. 654 e). Disk annular, hypogynous. Ovary 
free, 2-4-celled, rarely by abortion l-ceUed; ovules definite, erect, 
when more than one, collateral; style 1 (fig. 664 s), usually bifid, 
rarely 2; stigmas obtuse or acute (fig. 655). Fruit succulent or 
capsular (fig. 656), 1-4-oelled, with septifragal and septicidal, or dr- 
cumscissile dehiscence. Seeds albuminous; embryo curved or spiral 
(figs. 659, 502); cotyledons corrugated (fig. 658) or inconspicuous; 
radicle inferior.—^Herbs or shrubs, usually twining, sometimes para¬ 
sitical, often with a milky juice, and with alternate, tmdivided or lobed, 
exstipulate leaves, rarely leafless. They occur chiefly in tropical and 
tentperate re^ons. The order has been divided into two suborders:— 
1. ConvolvulesB, true Bindweeds, leafy plants, with the coroUine tube 
not scaly, embryo curved, cotyledons conspicuous. 2. Cuscutoe, 
Dodders, leafless parasites, having scales on the coroUine tube, embryo 
spiral and filiform (fig. 502), cotyledons inconspicuous. 'There are 45 
genera, and upwards of 700 species. Exampka —Convolvulus, Ipo- 
mosa, iixogoiiium, Dichondra, Cuscuta. 
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956. The order is characterised generally by the presence of an 
acrid juice in the roots, which has pnr^live properties. On this 
iiccount several of the plants are used medicinally. The old genus Con¬ 
volvulus has been split into various genera; such as Ipomoea, Exog(nmm, 
PltarUtis, Batatas, Quamoolit, Cakmyction, and l^pistemm, according 
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to the form of the corolla, tlie exsertion or inclusion of the stamens, 
the form and nature of the stigma, and the structure of the ovary. 
Exogonium Purga {Ipomasa Purga, or Convolvulus Jalupa) is the 
Jalap plant, a native of Mexico, which grows well in this couhtty, re- 
((uiring only the protection of a frame during winter. The plant has 
iiowcrcd regularly for many years in a cold frame in the Edinburgh 
llotauical Garden. The root-stock is the officinal part. It has a 

I’* JB. 652-6ofl.--Or£fan8 of fructification of ConvolvulUB (G^ystagia) scpium, to lUustrate the 
118 turul order Cfiuvtm'ulEu^fe. 

i'ig. 662.—Diagram of the flower, showing two bracts, five unequal divisions of the Imbricated 
v*ulya, five lobes of the plicato cor^^ five stunens alternating with the corohlne lubes, and a 
(luadrilocular ovary. 

Fig. 66S.—Flower bud. 6, Large bracta c, Cnlyx. ja. Corolla. ^ 

Fig. 654...-Vertical secticni of wie lower part of the flower. 6, Bracts, c, Calyx. JJ, Tube of 
corolla, bearing the filaments of the stamens, a o, Orwxy, a, Style. 

Fig. 656.—Summit of the style and stigmas. 

Fig. 666.—Fruit,/, surroimoed by tiio calyx, c, and the bracts, 6, wliieh are pemistent. 

Fig. 667.—Seed. A. Hilton. 

Fig. 66a—Section of the seed showing the corrugated cotyledons. 

Fig. 669.—Embryo separated. 
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roundish tuberous form, is black externally, white and milky vrithin, 
and varies in size from that of a walnut to that of a moderate-sized 
turnip. It contains a resin, in which its active properties reside. It 
is used in the form of powder and tincture, as an active irritant 
cathartic. The root of Comolvuha Sammmia yields a gummy resinous 
exudation, which constitutes medicinal Scammony. The plant grows 
abundantly in Greece, the Grecian Islands, and various parts of the 
Levant. Scammony is procured by cutting the root across, and 
collecting the milky juice which soon concretes. The drug is im¬ 
ported into this coimtry from Smyrna. Its active principle is a resin. 
It is used medicinally as a drastic purgative, in the form of powder, 
pill, and extract. A spurious kind of Scammony has been prepared 
from the root of Conmlmhis (Calystegid) sepium; and several plants be¬ 
longing to the natural order .^^cpiadaceae yield a purgative exudation, 
which has been used under the names of Montpellier and Bourbon Scam¬ 
mony (T 124). The roots of some of the plants do not possess purgative 
qiuilities, and have been used as articles of food. Batatas eduVs {Con¬ 
volvulus J5atatas)yieldsthe sweet Potato, which contains much saccharine 
and amylaceous matter, and is used as food in tropical countries. The 
species of Cusouta, or Dodder, have acrid purgative properties. Their 
seeds germinate in the soil, and tlie plants afterwards twine round 
others, and become attached to them by means of suckers. They then 
lose their connection with the soil, and are supported as true parasites. 
In this way they often destroy crops of Flax and Clover. 

957. Order 132.—Cordiaceie, the Cordia Family. {Monopet. Ily- 
2 }og.') Calyx ,4-5-toothed, inferior. CoroDa monopetalous, 4-5-cleft, 
regular. Stamens inserted on the corolla, alternate with its segments; 
anthers versatile. Ovary free, 4-8-celled; ovules solitary, pendulous, 
anatropal; style continuous; stigma 4-8-cleft. Fruit dimpaceous, 
4-8-celled. Seed, exalbuminous, pendulous from the apex of the cell 
by a long funiculus, upon which it is turned back; radicle superior; 
cotyledons plaited longitudinally.—^Trees, with alternate, rough, ex- 
stipulate leaves, and panicled flowers. They are chiefly natives of 
warm countries. Some yield edible fruits; their bark is occasionally 
bitter, tonic, and astringent, and their wood is used for various econo¬ 
mical purposes. The succulent, mucilaginous fruits of Cordia Myxa 
and Sebestma, receive the name of Sebesten Plums. There are 11 
genera enumerated by Lindley, including 180 species. Exempk-n — 
Cordia, Varronia. 

958. Order 133.—Bomginaeete, the Borage Family. {Monopet. Ily- 
poy.) Calyx persistent, with 4-5 divisions (figs. 660, 661 c). CoroUa 
gamopetalous, hypogynous, usually regular (figs. 296, 297), 5- rarely 
4-cleft; sastivation imbricated (figs. 660, 661 p p). Stamens inserted 
on the corolla, equal in number to its segments, and alternate with 
them (fig. 661 e). Ovary usually 4-lobed, quadrilooular (fig. 661 o ); 
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ovules 4, each attached to the lowest point of the cavity, amphitropal; 
style simple, basilar (figs. 403, 661 s), (terminal in Ehretiem and Helio- 
tropiete).; stigma simple or bifid. I^t (fig. 662) consisting of 2 to 4 
distinct achaenia (succulent and consolidated in Ehretiese). Seed 
exalbuminous, or with thin albumen; radicle superior; cotyledons 
plano-convex (fig. 662).—^Herbs, slirubs, or trees, with terete stems, 



.altcniate, rough, exstipulate leaves, and flowers generally in scorpioidal 
(gyriite) cymes (fig. 233). On account of the asperities in the leaves, 
the plants have sometimes been called Aspciifolias. The order is divided 
into three suborders:—1. Boragineffi (figs. 660-662), with a basilar 
style, 4-lobed ovary, achasnium-likc fruit, and exalbuminous seeds; 
luitivcs chiefly of temperate climates. 2. Ehretie®, with a terminal 
style, a quadrilocular, concrete ovary, a succulent firuit, and usually 
albuminous seeds; natives of tropical countries. 3. Ileliotropie®, with 
a terminal style, an entire or 2-lobed ovary, a dry fiuit separable 
into four achronia, and exalbuminous seeds; natives partly of temperate, 
and partly of warm climates. Tliere are 67 known genera, and nearly 
000 species. Examples —^Borago, Anchusa, Echium, Myosotis, Cyno- 
glossum, Ehretia, Hdiotropium. 

959. The plants of the order are generally mucilaginous and emol¬ 
lient. Some are astringent. Nitrate of potash exists in some, and 
imparts coolness to the water in which they are steeped. Borago offi- 
driAjUs, Borage, has been used for its mucilaginous emollient properties. 

Organs of fhictificatiou of Auebusa italicft, to Ulnstrato the natural order 

l(or^nacoiC. 

Fig. 660.—Diagram of the flower, with flve imbricated dlvl^ons of the five imbricated 
segments of the corolla, flve stamens, and a 4>lobed ovary. 

I’lg. 661.—Vertie^ section of the flower, c. Itairy calyx. Corolla. Stamens inserted 
into the corolla a a, Sttuninal appendages or coralline scatea o, 4<'lobed ovary, two of its 
divifdons cut througb vertically. <, Ihisilur Btyle. 

Wg. »62.—One of the carpels (achasnia) cut veitically. j>, Pericarp separable from the seed. 

Spermodenn or integuments of the sued, c, Embryo with superior ramclc, and plano-eotivox 
cotyledons. 
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as a remedjr m pectoral affecMons; aad vrith wine, water, lemon, and 
sugar, its leave^orm mi ingredknt in what is called cool-tankard. At- 
tadied to the stamens in this plant, and others of the order, are scales, 
which may he considered as abortive stamens, formed by dilamination 
(fig. 312). Awhusa tinctoria supplies alkanet-root, which is used as a 
reddish-brown dye. Some of the species of HeKotropium (as H. peruvia- 
nmi) are distinguished by their fragrant odour. The leaves of Steenham- 
mera (Lithospeimwm) rtumtimum have the taste of oysters, and hence it 
is called the Oyster-plant in Scotland. Myosotk palustris (fig. 297) is 
the true Foiget-me-not. Miss Strickland remarks, that the banished 
and aspiring Henry of Ijancaster appears to have been the person 
who gave to this plant its emblematical and poetical meaning, by 
imiting it in his exile with the initial letter of his watchword, ‘ Sou- 
veigne-vous-de-moy.’ 

960. Order 134.—Sktianaoefo, tlie Mghtshade Family. {Morwpet. 
Hypog.y Calyx inferior, 5- rarely 4-parlite, persistent (fig. 664 e). 
CoroUa monopetalous hypogynous, with the limb 5- rarely 4-cleft, 
regular, or somewhat unequal, deciduous; aestivation plicate or im¬ 
bricated (fig. 663). Stamens inserted on the corolla (fig. 664 e), 


• a 
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6()3-4i68.—Org»iB of fnicilfletttlon of Sojaniim tnberosum, tlic PotatOf to Ulxistfatc tliu 
natural order Solanaccro, 

Fig. 0C3.—Diagram of tbo flower, with flvo divisions of the calyx, flve plicate Bogmeuts of the 
corc^ flve stamens, and a 2-c^led ovary with polysp^rmous placentas, a, Axi& 

Fig. (>64.->-yertica'I section of the flower. c^Oiuyx. pjp, Lower part of tliecorcdlo. c, Stamens, 


Fig. 665.—Fruit, baccate. 

Fig. 666.—Hoiizoutdl section of the fruit, showing tiic seeds and placenta. 

Fig. 667.—The seed. 

Fig. 668.—Vertical section of the seed, ‘Ibteguraent (speimoderm) of the seed. />, Fleshy' 
^rlspenu (albumen), e, £mbryo, which is curved and exoentrlc, with the radicle next the 
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equal in number to the cbrollinc segments, and alternate with them 
(fig. 663); anthers with longitudinal or porous dehiscent (fig. 664 e). 
Ovary usually 2-celled (fig. 664 o), sometimes 4-5- or many-ceUed; 
ovules indefinite; style continuous; stigma simple (fig. 664 s). Fruit 
with 2, 4, or more cells, rarely unilocular; either a capsule dehis¬ 
cing in a septicidal or drcumscissile manner, and having a double 
dissepiment parallel to the valves, or a berry (figs. 665, 666) with 
the placentas adliciing to the dissepiment, or a nuculanium with 5 or 
more nucules. Seeds 00; embryo straight or curved (fig. 668), often 
excentric, lying in flesliy albumen; radicle next the hilum.—Herbs or 
shrubs, with alternate leaves. Natives of most parts of the world, but 
abundant in the tropics. The order has been divided into two sections, 
which are not, however, well defined:—1. Kectembiyaj, with the 
embryo nearly straight. 2. Ourvembryse, with the embryo curved in 
a semicircular, annular, or spiral manner. These are subdivided into 
tribes, chiefly according to the nature of the fhiit. There are 66 
known genera, and 985 species enumerated; but there is considerable 
difficulty in the allocation of the genera. EmampUs —Cestrum, Habro- 
thamnus, Nicotiano, Petunia, Datura, Hyoscyamus, Solanum, Physalis, 
Nolana? 

961. The plants of this onler have in general narcotic qualities. 
These are sometimes developed in a great degree, so as to render 
the plants very poisonous; at other times they are obscured by the pre¬ 
valence of nutritions and starchy matter. In many instances, certain 
pints of the plant have poisonous narcotic properties, while other parts 
ajc harmless, and are used as articles of diet. These facts will be 
illustrated by a consideration of different genera and species. Solanmn 
Jhilcamara, Bitter-sweet or woody Nightshade, has slightly narcotic pro¬ 
perties, which appear to be owing to the jnesence of an alkaloid called 
Solania. The twigs of the plant are used medicinally, in the form of 
decoction, in vjuious cutaneous diseases. They are supposed to pos¬ 
sess sudorific and alterative properties. The scarlet berries of the 
plant are reckoned poisonous. Solanum mgiwn has more active nar¬ 
cotic qualities. Solamnn tuberosum, the Potato (fig. 92), lias slight 
narcotic qu^itics in its leaves and frait, but in the tubers tliere is an 
abimdancc of starch, and when cooked they are wholesome and nutri¬ 
tions. In the genus Solanum the anthers open by pores. Atropa 
lieVmlonna, Deadly Nightshade or Dwale, is a highly poisonous plant 
belonging to this order. AU iiarls of the plant are narcotic. The 
fruit is a dark brownish-black sliining bCTry, which often proves 
attractive to children. The leaves are the part used ih medicine, and 
from these jm extract is prepared. Hie watery extract is best made in 
vacuo, but the alcoholic extract is probably the best. Belladonna is 
one of our most active indigenous poisons. It owes its properties to 
the presence of an alkaloid called Atropia, which exists in the plant fio. 

2 n 
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combination TOth malic acid. Belladonna is nsed medicinally to allay 
pain and spasmodic action, to canse dilatation of the pupil, and as a 
prophylactic against scarlatina. Similar properties exist in the spedes 
of Hyoscyaimus, more especially in H. niger, Henbane, a biennial plant, 
■with dingy-y^ow flowers, exhibiting beautiful purple reticulations, 
hairy. viscous leaves, and a bilocular opcrculate capsule (fig. 459). 
The leaves yield by expression a large quantity of juice, whence au 
extract is prepared. A tincture of Henbane is often used in place of 
laudanum, on account of not causing constipation. It is employed in 
ihedieme to procure sleep and allay pain, and it acts also in dilating 
the pupiL The narcotic properties seem to be o-wing to an easily 
decomposed alkaloid called Hyoscyamia. An empyreumatic oil is 
obtained from the plant, which is an energetic narcotic poison. The 
roots of the plant have sometimes caused poisoning by being mistaken 
for parsnips. Many spedes of Datura are powerfuUy narcotic. D. 
Stramonium is the Thorn-apple, so called on account of its prickly 
capsule. Its leaves and seeds are used medicinally as narcotics, their 
qmdities being due to an alkaloid called Daturia. They are prescribed 
as anodynes and antispasmodics, in the form of powder, extract, and 
tincture, and the leaves me smoked in cases of asthma. Datum 
Tatuia and Metel, mnguinea, Jerox and Jastuom have similar proper¬ 
ties. Several species of Nicotiann furnish Tobacco. That chiefly used 
in Europe is procured from N. Tabacum, a plant naturally inhabiting 
the hotter parts of North and South America. It is an annual pkni, 
attaining a height of six feet, having dingy-red infundibuhlbrm 
flowers (fig. 294) and viscid leaves. The leaves are the officinal psirl, 
and their active properties depend on a peculiar oily-like alkaloid 
called Nicotina. They are employed in the form of infusion, tincturi:, 
and wine. Tobacco is an energetic narcotic poison. It is employed 
medicinally as a sedative, and its depressing action is useful in ease.s 
of hernia. Its depressing action is indicated by its effect on the cere - 
bnd functions and on the heart. Tlie flavour and strength of tobacco 
depend on climate, cultivation, and the mode of manufacture. That 
most esteemed by the smoker is Havannah tobacco; but the Virginian 
is, the strongest. It is said that small Havannah cigars are prepared 
from the leaves of Ntcotiana repanda; Syrian and Turkislt tobacco 
from JV. ruslha, and fine Shiraz tobacco from N. perma. The fruit of 
different species and varieties of Capsicum supply Cayenne-pepper, and 
what are called Chillies. Chilli is ^e Mexican name for all ,&e varie¬ 
ties of Capsiemn. They are natives of tile East and West Indies, and 
of other hot climates. Capskum anm^m is the species commonly 
noticed, but of it there seems to be numerous varieties, which by many 
axe reckoned species. Thus, C. frutescem is a shrubby plant which, 
along -with C. minimum, supplies the variety called Bird-p^per; C. 
baccatum has a globular fimit, and furnishes Cherry or Berry-capsicum. 
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In Ctpsicums irritant propertie* prevail, so as to obscure the nar¬ 
cotic action. Their acridity is owing to an oleaginous substance called 
Capsicin. Cayenne-pepper is used chiefly in the form of tincture as a 
rubefacient and stimul^t, especiallv in cases of ulcerated sore throat. 
It acts on the stomach as an aromauc condiment, and, when preserved 
in acetic acid, it forms Chilli vinegar. Mamdragora offidnaUs (Atropa 
Mcmdragora), Mandrake, acts as a stimulant on the nervous system, 
and its fork^ root was long celebrated for its properties in this respect. 
It is the owm of the Bible. The species of PhysaMs are remarkable 
for their accrescent calyx (fig. 280.) The fruit of some, such as P. 
pervmana, Peruvian Winter Cherry, is eaten. The fimit of Lycopersicmt, 
esGuleniu/m is the edible Tomato, or Love-apple; that of Solanum Melrn- 
yetia and ovigerum is the Egg-apple. 

A division of the genera of ^is order has been made by M. Fee 
into—1. Those which contain species, all of which are more or less 
poisonous, as Datura, Hyoscyamm, Atf'ojw^ Nicotiana, &c. 2. Those 
which contain some species truly poisonous, and others innocuous or 
stimulant, as SoUmum and Capsicum. 3. Those haring species which 
are all innocuous, as Lycoperskum. Miers has revised the genera 
included in the orders Solanaceaj and Scrophuhmaceas, and he proposes 
to institute an intermediate order Atropaceaj. The general defimtion 
of these orders is:— 

1. Solanacese; Isomerous flowers with a valvate or induplicato- 
valvate asstivation; inflorescence extra-axillary. 

2. Atropacese; Isomerous flowers or nearly so, with an imbricate or 
a peculiar ajstivation; inflorescence extra-axillary. 

3. Scrophulariacea}; Anisomerous flowers with imbricate {estivation; 
organs of inflorescence truly-axiUary. 

262. Order 135.—Orobanchaccio, the Broom-rape Family. (Mona- 
pel. Hypog.) Calyx divided, persistent, inferior. Corolla monopetal- 
ous, hypogynous, irregular, usually bilabiate, persistent; aastivation 
imbricated. Stamens 4, didynamous. Disk fleshy. Ovary free, 1- 
celled, composed of 2 earpds which stand fore and aft, with 2 or more 
pariet^ placentas; ovules 00; style 1; stigma 2-lobed, each of the 
lobes belong half to each carpel. Fruit capsular, enclosed within the 
witliered coroUa, 1-celled, 2 valved. Seeds 00, minute; embryo vexy^ 
minute, at one end of fleAy albumen.—^Herbaceous parasitical plants, 
ha .dng scales in place of leaves. They are natives of Europe, more 
especi^y the southern parts, and of Asia, North America, and the 
Cape of Good Hope. lindlcy gives 12 genera, and 116 species. 
Exampleg —Orobanche, Lathreea. 

963. The properties of the plants of the order are, in general, astrin- 
gency and bitterness. Some have been used as tonics, and as applica¬ 
tions to indolent ulcers. The qjecies of Orobanche are callai Broom- 
rapes, on account of the ravages they are supposed to commit on the 
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Broom tribe. They attach themselves to the roots of various plants, 
and are hence called Eoot^parasites. Different species infest and 
injure different tribes of plants. Thus, Orobamhe rapum is panisitical 
■upon Broom and Time', 0. romosa, upon Hemp; 0. rubra, upon com¬ 
mon Thyme; 0. rmncyr, upon red Clover; 0. borboto, upon the Ivy; 
0. daMor and arenaria, upon different species of Composite, as Cen¬ 
taury and MilfoiL The stems of Orobanohes have a large central 
ceU-ular portion, siuTounded by numerous fibro-vasoular bundles, 
■which are arranged in a cirde without any medullary rays. Tubers 
exist at the lower part, whence subterranean buds are developed. 
Sometimes the fibro-vascular brmdles of the plants, to whicli the 
Broom-rapes arc attached, arc found nimifying in the substance of tlie 
parasite. As Broom-rapes possess tubers and ordinary roots, Henfrey 
is disposed to think that they also derive nourishment from the soil in 
the usual way. Lathrcea squarnaria, Tooth-wort, is parasitical upon 
tlie roots of Hazels, Cherry-laurels, and other trees. Ejnpliegus vir- 
ghdana, Beech-drops, has been used in powder as an application to 
cancerous sores. 

964. Order 136.—ScvophniBrinecte, the Figwort Fanuly. (J/orw- 
j)et. Hypog.') Calyx divided into 4 or 5 parts, imequal, persistent, in¬ 
ferior (fig. 288 c). Corolla monopctalous, more or less irregular and 
bilabiate (fig. 288 yj), or personate (fig. 300), sometimes spurred or 
saccate at the base; ajstivation imbriaatc. In the hud, the flowers iu'e 
regular (fig. 305). Stamens usually 4, didynamous (figs. 344, 346), 
rarely 5, sometimes 2; anthers V>ilocular, or unUoculw by abortion 
or adhesion. Ovary free, 2 celled; oniles usually 00; style simple; 
stigma 2-lobed, rarely entire. Fruit capsular, rarely flashy, dicarpel- 
laiy, 2-celied (fig. 445), 2-4-valved, opening by septicidal or loctdi- 
cidal dehiscence, rardy by pores (fig. 462) or lids, the dissepiments 
becoming finally loose in the centre (fig. 446). Placentas attached to 
the dissepiment, and sometimes in the mature fruit becoming central. 
Seeds d^nite or 00; embiyo straight or slightly curved, induded 
within fleshy albumen.—Herbs, undershmbs, or shrubs, ■««& opposite, 
whorled, or akemate leaves. They arc found generally distributed over 
the globe, both in cold and warm regions. The order has been divided 
byBentham into three sections:—1. Sdpiglossideaj. 2. AntirrhinidesB. 
3. Ehinanthidese. The characters of these di^visions are founded on 
the nature of the inflorescence, whether centrifugal, centripetal, or 
compoxmd, and the aestivation of the corolla There are 176 kno^wn 
genera, and 1,814 spedes. Examples —Schizanthus, Salpiglossis, Cal¬ 
ceolaria, Verbascum, Antirrhinum, Sorophularia, Pentetemon, Mimu- 
lus. Digitalis, Veronica, Ehinanthus, Melampyrum. 

965. The plants of the order are usually scentless, or at all events 
not aromatic. The^ are acrid and slightly bitter, and some of them 
are sedatiW and poisonous. Some of the plants of the order belong 
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to tlie tribe of Boot-parasites. 'Fhis is particularly the case with species 
of Euphrasia, Ithinanthm, Bartsia, Mekmpyrum, and Pedwularis. 
These parasites differ from Broom-rapes in having green leaves, and 
they seem to be appiirently independent after they have acquired a 
certain degree of development. Tlie species of Miimlus have a bda- 
mellate stigma, die two lamellaj of which are irritable, and close when 
irritated. The movements of the stigma are probably in some way 
connected with fertilization. One of the species, Mmtdus lutem, has 
become naturalized in many parts of Britain, as in the neighbourhood 
of Edinburgh, on the shores of die Clyde, the Isle of Skye, Perthshire, 
I'cc. Miimlus moschatus is cultivated on account of its musk-like 
odour. The most important medicinal plant of the order is Digitalis 
purpurea, Foxglove, the leaves and seeds of which are employed in 
the form of powder, tincture, and infiision. The leaves have a bitter 
taste, which they retain when (Mrefiilly dried. In large doses they 
act as a mircotico-irritant poison, and in small doses they are used as 
sedative of the circulation, and diuretic. TTicir continued use causes 
great slowness of the pulse, and hence their employment in diseases of 
the heart, and in heemorrhages, such as hasnioptysis. Li dropsical 
lauses, especially those connected with disetised heart., DigitfiUs is exten- 
•sivcly used. Its active properties are due to tlie presence of a crystal¬ 
line principle called Digitalm. Several other species of Digitalis, such 
SIS D. hjevigata, grandijiara, luUa, .and tmmntosa, have similar properties. 
Tlie leaves of Scrophularia nodosa, knotted Figwort, have irritant 
quiJities, and have been used as emetic and cathartic remedies. In 
the fonn of ointment and fomentation, they have been applied to 
diseases of the skin and tumours. Hie woolly leaves of Verbascum 
Thapsiis, Great Mullein, are emollient and slightly narcotic. They 
have been used in some pectoral affections. The species of Mdavvpy- 
rtmi are called Cow-wheat, in consequence of being relished by cows. 
Euphrasia ojiciuulis. Eye-bright, or Euphrasy, was formerly used in 
cases of ophthalmia. Some of the species of Limria and Calceolaria 
are used for dyeing. Linaria vulgaris exhibits what Linnaius called 
Peloria (f^ 654, 655), by the flowere being 5-spurred in place of ; 
1-spurred, and thus becoming regular. Gratiola officinalis. Hedge- 
hyssop, is bitter and acrid, and is said to enter into the composition 
of the Eau m^dicinale, so much vaunted as a remedy for gout. The 
le';ves of Veronica offiwiiudis are bitter and astringent, and are some¬ 
times used as tea. 

966. Order 137.—liBbioKe (Lamiacea; of Lindley), the Labiate 
Family. (^Morapel. Hypog.) Calyx tubular, inferior, regular or bila¬ 
biate, persistent (figs. 670, 672 c). Corolla monopctalous, hypogy- 
nous, bilabiate; upper lip entire or bifid, lower 3-lobed (figs. 299, 
67P, 671). Stamens 4 (fig. 669), didynamous (fig. 671 e), some¬ 
times 2 by abortion, insert^ into the corolla, and dtemate with the 
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lobes of ihe lower lip; anthers 2-oeIledj hr I-celled by abortion, or 
by absorption of the septum (fig. 883); connective sometimes large 
and distractile (fig. 333 c). Disk fleshy< Ovary firee, deeply 4-lobed 
(figs. 402, 669); ovules 4; style 1, basilar (figs. 402, 671 6 ); stigma 
bifid (fig. 671 s), usually acute. Frat oonsiking of 1-4 achssnia, en¬ 
closed within the persistent calyx (figs. 402, 672). Seeds erect (fig. 
673); albumen ei&er 0, or in smafi quantity; embryo erect (fig. 
673 e ); cotyledons flat; radicle inferior.-^Herbs or undmhrubs, with 
tetragonal stems, opposite exstipulate leaves, and cymose inflorescence. 
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the flowers being often in vcrtidllasters. Linnaus looked upon the 
fhiit as naked seeds, and hence included many of the plants in the 


Ftn 669-^3.-—Organs of firactiAcation of Lbmiuzn album, to tilnstrate tbo natural order 
LabiatK. 

Fig. 639.'<-Dlagrain of the flower, with the pentamerous calyx; pentamerous corolla, having 
two lips, the upper Up being ftnmod of two united petal^ tiie lower of three; four stamens, in 
consequence of one being undevoloped, and fonr dlviuons of the o\^ry. 

Fig. 670."-Ent4re flower viewed laterally, r, Flve^eft calyx. ^ Tube Of the corolla. ?«, Upper 
Up of two petala I i, Lowtu* Up of throe. «, ^Ic. 

Fig. 371.—Tho flower cut vertically, e, Calyx, pt Corolla, c, Didynamoos stamena a, Style 
and Difid sti^a. o, Ovary. 

Fig. 679.-fVuit <a tetrachmnium) cut vertically, showing the carpels, two of which have been 
removed, c, Per^stent calyx, g, Fleshy disk or gland, r, Gynobasic receptacle hearing the 
style, a, which is baisUar, i. e. arises from the lower of M carpela o, Two carpels which form 
achiwla when ripe. 

^g. 673.—>A carpd cut verticaUy. jp, Pericarp, t, IntcgiunMt«f Uie seed a, Embryo erewt 
with InfiBrior radlde. 
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order Gymnospermia of his Didynamous class, lliey are natives 
chiefly of temperate repons. Ldndley mentions 125 genera, including 
2350 species. Examples —^Mentha, Salvia, Melissa, Lamium, Teu- 
crium, Scutellaria. 

967. The plants of this order are in general fragrant and aromatic, 
and none of them are poisonous or injurious. Scarcely any are used 
for ordinary food, although manjr form grateful condiments. Thrir 
leaves contain receptacles of volatile oil, and many of them furnish a 
stearoptin resembling ciunphor. Medicinally, many of them are used 
as carminatives. The species of Mentha yield volatile oUs. M. Piperita, 
Peppermint, is used as a jmwerful diffusible stimulant in cases of colic 
and gastrodynia. Tlie oil is procured by distillation with water, and, 
when dissolved in rectified spirit, it forms the essence of Peppermint. 
Mentha viridis, Spearmint, is used in the same way as Peppermiiit; 
while M. Ptdegiuni, Penny-royal, is employed as a pectoral and anti- 
spasmodic. Lavandula vera (L. sjnea, officinalis, and angustifoUa of 
authors) yields the best oil of Lavender; while L. latifolia fiimishes 
Spike-oiL Like tlie other volatile oils of the Labiate, oil of Lavender 
consists of a fluid oil, or Eteoptin, and a solid crystalline substance, or 
Stearoptin, analogous to camphor. Lsivendcr is a tonic, stimuWt, 
and carminative. Tljc flowering tops of Itosmarinm offianalis, Eose- 
mary, furnish an oil which has simile properties. It is used much m 
I»erfurnery, and enters into the composition of Eau de Cologne. Oils 
of the same nature arc procm’ed from Origanum vrdgare. Wild Mar¬ 
joram, 0. Majorana, Sweet Marjoram, Melissa officinalis, common 
Italm, and Marruhium vulgare, white Horehound. Some consider the 
Hyssop of Scripture, aiw, as being Ilgssopm orientaHs (II. officinalis, 
var. angvstifolius) ; but Koylc looks upon it as one of the Caper plants 
iCajyparis aggfttiaca). Plectranthm graveolens of some, Pogostxmon 
.vuatis or P. Patchouli/ of others, is the Patchouli plant of the East 
Indies, which is used as a perfume. It is called in India puchd pdt. 
It yields a volatile oil of a yeUowish-grcen colour. Lycopns virginicus. 
Bugle-weed, and L. europceus, Gipsey-wort, are used as astringents 
imd sedatives. Many Labiates, such as Tliyme (Thymus), Mint (Men¬ 
tha), Sage (Salvia), Basil (Ocymum), Savoury (Satureid), &c., are used 
as culiniuy vegetables, more particularly to flavour sauces and dishes. 
The species of Salvia are distinguished by having only two stamens in 
consequence of the abortion of the rest, and by their distractile con¬ 
nective, which separates the anther lobes (fig. 333). In the episperm 
of the seeds of the species of Salvia there are beautiful spiral cells, the 
fibres of whidi, like those of CoUomia, uncoil when moistened with 
water, and form an interesting microscopic object. Salma officinalis, * 
common sage, has been used in the form of tea as a stomachic. What 
are called fkge-apples, are galls produced by the puncture of insects 
on Salvia pomifera. The roots of Ocymum tuberosum are said to be 
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esculent. Hyptis memiranacea, one of the Brazilian Labiates, attain-s 
the height of twenty or thirty feet. 

968. Order 138.—Terbenacece, the Vervain Family. (Mompet. 
Hypog.) Calyx tubular, persistent, inferior. CoroUa monopetalous, 
tubulkr, hypogynous, deciduous, lunb usually irregular; asstivatiou 
imbricated. Stamens usually 4, didynamous, rarely equal, sometimes 
2. Ovary free, 2-4-ceIled; ottiIos usually 4, erect or pendulous, 
anatropal or amphitropal; style 1, terminal; stigma bifid or entire. 
Fruit nucamontaceous or baccate, composed of 2 or 4 achasnia united. 
Seeds 1 -4; albumen 0 or fleshy; embryo straight; radicle either in¬ 
ferior or superior.—^Trees or shrubs, rarely herbs, with opposite or 
alternate, exstipulatc leaves. The order has been divided into three 
suborders:—1. Myoporinese, anthers 2-cclled, seed pendulous, radicle 
superior; natives of the southern parts of America and Africa, and of 
Australia. 2. Verbeheaj (fig. 237), anthers 2-ceHed, seed erect, radicle 
inferior; natives both of the tropical and temperate regions of America, 
and found also in Asia and in Europe. 3. Selagineaj, anthers 1-cellcd, 
seed pendrdous, radidc superior; natives chiefly of the Cape of Good 
Hope, but some are European. Tliere arc 7.5 known genera, and 
upwards of 770 species. Exctmples —^Myoporum, Avicennia, Verbena, 
Vitex, Tectona, Selago, Globuliiria. 

969. Many of the plants of the order fu-e fragrant and aromatic, 
some are bitter, tonic, and astringent, others are acrid. None of them 
occur in the British Pharmacojimias. Aloymi citriodora, ywcet-sccnted 
Verbena, is commonly cultivated for its fragrance. In the leaves, Mr. 
Murchison has noticed peculiar glands containing oily matter. The 
species of Avicennia have adventitious roots like the Mangrove. The 
bark of Aviemma tomentosn is used in Brazil for tanning. Tectmui 
grandis is the Teak-tree of India, the wood of which is very hard and 
durable, and is used for ship-building. A fine specimen exists in the 
Edinburgh Botanic Garden. Tie trunk of the tree in eastern iorests 
sometimes attains a height of tv^^undrod feet, and its leaves are twenty 
inches long by sixteen broad. The fimit of several species of Vitex is 
acrid and aromatic. Some species of Lantana and Stachytarpheta are 
used for tea. The Vervain was a sacred plant among the Greeks, and 
it was looked upon by the Druids with superstitious reverence. 

970. Order 139.—^Aconthacefe, the Acanthus Family. {Morwpet. 
Hypog.) Calyx with 4-5 divisions, equal or unequal, occasionally 
multifid, or entire and obsolete, persistent. Corolla monopetalous, 
hypogynous, usually irregular, with the limb ringent or bilabiate, or 
rarely unilabiate, sometimes nearly equal, deciduous. Stamens in¬ 
serted on the corolla, usually 2, sometimes 4, didynamous, the shorter 
ones being occasionally sterile; anthers 1-2-celled, with longitudinal 
dehiscence. Disk glandular. Ovary free, 2-celled; placentas adher¬ 
ing to the a;ds; ovules 2 or more in each cell, curved; style 1; 
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eitigma 2-lobed, rarely entire. Fruit a 2-celled capsule, deliiscing by 

2 elastic valves, in a locnlicidal manner. Seeds 2 or many in each 
cell, sometimes solitary, roundish, attached to hard, persistent, hooked 
or subulate ascending processes of tlie placenta; testa loose; albumen 
0; embryo curved or straight; cotyledons large, leafy; radicle 
cylindrical, next the Inlum.—^Herbaceous plants or dirubs, with 
opposite, exstipulate, simple leaves, and bracteated flowers; 2 or 

3 large leafy bracts accompanying each flower. They abound in 
tropical regions. The order has been divided into three tribes:—1. 
Ihunbergie®, with the placental processes in the form of a hard cup, 
supporting the seed. 2. Nelsonicac, with the placental processes con¬ 
tracted into a papilla, Ijcaring the seed, which is small and pitted. 3. 
Echmatacanthi, with die placental processes hooked. Thone arc 105 
genera, according to lindley, and about 750 species. Examples — 
Thunbergia, Nelsonia, Acanthus, Justicia, Euellia. 

971. The plants of the order have mucilaginous and bitter proper¬ 
ties in general, but they are not put to important uses. Tlie leaves of 
Acanthus, with their sinuated lobes, gave origin to the capital of the 
Corinthian pillar. Acanthus mollis has emollient qtmlities. The seeds 
oi Acanttmdimn spicatumharire bcautifiil spiral cells in their episperm 

11). The style of lluelUa {GoUlfussia) anisophylla, exliibits a peculiar 
irritabihty; its curved stigmatic apex becoming gradually straightened 
so as to come into contact with the luiirs of the corolla upon which the 
pollen is scattered. Many of the species of Justicia, Ituellia, and Aphe- 
landra, are cultivated m hothouses on account of their showy flowers. 

972. Order 140.—^i.eiiUbBiB*toce*e, the Butterwort Family. (Mmo- 
prt Ilypog.') Calyx inferior, divided, persistent. Corolla monopetai- 
ous, hypog 3 mous, irregular, bilabiate, usually spurred. Stamens 2, 
inserted into the base of the corolla, and included; anthers monothecal, 
sometimes contracted in the middle. Ovaiy flree, composed of 2 car- 
pcillitry leaves, unilocidar; ovules 00, aqatropal; placenta free, central; 
styl<; 1, very short; stigma bilamellaK,, Fniit a l-ceUed capsule, 
dehiscing transversely, or by an apicUar clefl;. Seeds numerous, 
nunute, exalbuminous; embryo sometimes imdivided; radicle next 
the hilum.—^Aquatic or marsh herbaceous plants, with radical leaves, 
which are sometimes compound, and bear little bladders or amprdla:. 
Flowers often on scapes. They are found in all parts of the world, 
and abound in the tropics. Lmdley enumerates 4 genera, including 
173 species. Exampl^ —^Utricularia, Pinguicula. 

973. The plants of the order have no properties of importance. The 
name of Butterwort, given to the species of Pinguicula, may be derived 
fix>m the property of giving consistence to nulk. Others say that it 
has reference to the greasy appearance of their foliage. Of the four 
British species, one (P. granSflora) is peculiar to Ireland, and another 
(P. alpind) is peculiar to Scotland. Utricukerias, Bladderworts, 
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are so called on account of th# Utricles or bladders connected with 
the leaves (T 164). In the interior of these vesicles a mucous fluid 
is found along with cellular projections in the form of hairs. XJtri- 
cularia nelwmbifolia grows in the water which collects in the bottom of 
the leaves of a large TiUandsia in Brasdl. It sends out runners and 
shoots, and often in this way unitM several plants of Tillandria. The 
leaves are peltate, and more than three inches across, while the flower¬ 
ing stem is two feet long. 

974. Order 141.— Prlmnlsecie, the Primrose Family. (Jfonqpet. 
Hypog.) Calyx 5- rarely 4-cleft (fig. 272), inferior or half superior, 
regular, persistent (figs. 675 c, 677). Corolla monopetalous (fig. 295y>), 
hypogynous (fig. 675), rarely perbynous, with tire limb 5- rarely 
4-cleft, sometimes 0 (fig. 543). Stamens inserted on the corolla, 
equal in number and opposite to itc Segments (figs. 674, 675). Oyaxy 
fi'ee, (figs. 675, 676 o), rarely adherent to the base of the calyx, 1 -celled; 
ovules 00, usually amphitropal; style 1 (fig. 675 «); stigma capitate 
(fig. 675). Fruit a capsule, opening widi valves (fig. 677), or with a 
Ud (fig. 458). Seeds numerous, pdtate (fig. 678), attached to a free 
central placenta (fig. 677); embryo straight (fig. 680), enclosed within 
fleshy albumen, and lying across the Mlum (fig. 679).—Herbaceous 



plants, with leaves usually opposite, and frequently radical, exstipulate; 
flowers on simple or umbdMe scapes. They are natives chiefly of 

flga. 674-680.>-Orgaiis of fiructifleation of Pfl&Qla olatior, illostmting the natural order Prini- 
ulaccse. . 

Fig. 674—Diagram of the dower, with flvd imbricate divisions of the calyx, dvo segments of 
the corolla, five stamens opj) 0 £dtc the coroUine segments, and dve carpellory leaves, surrounding 
a free central plfl^nta. 

676.->-Verttcal section of the dower, c, Inferior calyx. j>, Monopetalous corolla, e, Sta¬ 
mens attached to the corolla, o, Superior ovaiy. Style with capitate stigma. 

Fig. 676L—Ovary cat vmtLcelly, to ^ow the frae central placenta covered with ovules. «, Base 
of the style. 

Mg. 677.— 

oS wmdi have been detached. 

Mg. 678.—Peltate omphitnmal seed sepaMted. Hiltixn. 

Mg 679.—Seed cut vertically, t, Intcgatoents (spermoderm). Hilum. p, Fleshy porlsperm 
(albumen). «,’D^sverso embryo lying Mitoss toe hilum. 

Mg. 680.—Embryo with cotyledons and ndide. 
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temperate and cold regions in the northern hemisphere; some occur 
in elevated situations in warm countries. Lindley notices 29 genera, 
including 215 species. EmmpUs —Primula, Androsace, Glaux, Trien- 
taUs, Anagallis, Samolus. 

975. None of the plants of this order occur in the Britisli Pharmaco¬ 
poeias, and few of them have any important medicinal properties. Acridity 
prevfdls more or less in the order. They arc cultivated as showy garden 
annuals and perennials. AU the fine forms of Auricula are derived 
fi-om the yellow Pnmttla Auricula, a native of the Swiss Alps. The 
British species of Primula, are P. veris, the Cowslip, the flowers of 
which are said to be narcotic; P. elatior, the Oxlip; P. vulgaris, the 
Primrose; P. farinosa, the Bird’s-eye Primrose; and P. scotica, the 
Scottish Primrose. The species of Cyclamen,, or Sowbread, have large 
tuberous-like partially subterranean stems, with acrid properties, 
and their Englisli name is derived irom the circumstance of their 
being eaten as food by Avild boiu-s. In them, as well as in the species 
of DndecaiJieon, the petals are rellcxcd. The flowers of the species of 
Anagallis are meteoric (If 484), and their seed-vessel is a pyxidimn 
(fig. 458). They are said to be acrid, and to CiUise inflammation of 
the mucous membrane. Trientalis europoia is the only British plant 
belonging to the Linnxan class Heptandiia. It is slightly acrid. In 
ikmtolm Valevandi, Brook-Avecd, the calyx is partklly adherent to 
the ovary, and in Glaux maritima, tlic corolla is abortive, and the 
calyx becomes coloured (fig. 543). 

97C. Order 142.—^Piambaginacete, tlie Sea-pink Family. (Mmicpet. 
Ilypog.) Calyx tubular, persistent, sometimes coloured; eestivation 
plaited. Corolla monopetalous or pentapctalous, regular. Stamens 5, 
hypogynous Avhen the corolla is gamopetalous, atta^ed to the base of 
the petals when they are separate. Ovary free, l-ceUed; ovule 
solitary, pendulous from a funiculus which arises from the bottom of 
the cell; styles 5, seldom 3 or 4, each bciiring a subulate stigma. Fruit 
a utricle. Seed pendulous; spermoderm simple; embryo straight, in 
the axis of mealy albumen; radicle superior.—Herbs or underehrubs, 
vrith alternate or fasciculate exstipulate leaves, somewhat sheathing at 
the base; flowers panided or capitate. They inliabit the sea-shores 
and salt marshes chiefly in temperate regions. There are two sections 
of this order:—1. Plumbaginese, with a synpetalous corolla and connate 
sfyl'.s. 2. Statice®, with a pcntapetalous corolla and distinct styles. 
Lindley mentions 8 genera, and 160 species. Examples —^Plmnbago, 
Statice, Armeria. 

977. Some of the plants are acrid, others have tonic qualities. 
Armeria maritima. Thrift, or common Sea-pink, grows both on the 
sea-shores and on the top of the highest Scottish mountains. Its 
inorganic diemical ingredients are said to vary in these positions 
(IT 228). In Armeria ihe funiculus curves over the foramen of the 
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ovule in a young state, but slips off at the period of fecundation, and 
allows an ovular process to proceed from tiie exostome towards the 
placenta. In this gentis also, the scaly bracts umte so as to form an 
inverted cylindrical sheath below the heads or shortened panicles of 
flowers. Plumbago europaa has been employed for the relief of tooth¬ 
ache, and has hence been called Toothwort. Some of the species of 
this genus act as vesicants. 

978. Order 143.— Piantagiaaceie. the Eibwort Family. {Mormpet. 
Hypog.) Calyx 4-parted, persistent; sostivation hnbricate. Corolla 
monopetalous, hypogynous, scarioufs, persistent, with a 4-parted limb. 
Stamens 4, inserted into the corolla, and alternate with its segments; 
filaments long. Aliform, folded inwards in the bud; anthers dithecal, 
versatile. Disk inconspicuous. Ovary free, 2-4-celled; ovules soli¬ 
tary, or in pairs, or 00; style simple, capillary; stigma hispid, simple, 
rai^y bifld. Fruit an operculate capsule, enclosed withm the per¬ 
sistent corolla. Seeds sessile, peltate, or erect; spermoderm mucila¬ 
ginous; embryo in the axis of fleshy albumen, transverse; radicle 
inferior.—Herbs, which are often stemless, with radical ribbed leaves, 
and spiked hermaphrodite flowers, or solitary unisexual ones. The 
species are chiefly found in temperate and cool regions. There are 
3 genera noticed by lindley, including 120 species. Examples — 
Plantago, littorella. 

979. ihe' plants of this order are frequently bitter and astringent. 
Their mucUa^ous seeds are sometimes used as demtdeents. Plantago 
marUmia is found both on the sea-shores, and on the top of the highest 
mountains in Scotland. Its inorganic constituents are said to differ 
in these localities (If 228). Plantago major. Way-bred, is said to 
follow the footsteps of man in his migrations. Its spikes are used for 
feeding birds, ^metimes the bractlets become large, and at other 
times they assume a verticiUate appearance. 

Subclass IV.—^Monooulamtdbjs:.* 

980. Corolla wanting; a calyx, or what is called a simple perianth, 
present; flowers sometimes Achlamydeous. This subclass includes the 
Apetalous orders of Jussieu, and many of his Diclinous irregular orders. 
It corresponds to the Apetalse and Gymnospermas of Endlicher. 

Section A. — Angiospermoe.^ 

981. Monoehlamydeous or Achlamydeous plants, having their seeds 
contained in an ovary, and fertilized by the action of the pollen on a 
stigma. It is the Apetalous division of Endlicher’s Acramphibrya. 

* "Mhity one, and a cloak or coverings, 

t a vowel, and a Boed. 
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982. Order 144.—nryciBjiiiiacetc, the Marvel of Peru Family. {Ajtet. 
Hypog.) Perianth tubular, coloured, contracted in the nuddle, be¬ 
coming indurated at the base (fig. 682); limb entire, or toothed and 
deciduous; sestivation plicate (fig. 681). Stamens definite, hypogy- 
notB (fig. 682 e); anthers dithecal (fig. 683). Ovary superior, 1- 
celled; ovule solitary, erect; style 1; stigma 1 (figs. 682, 684). 
Fruit a caryopsis, enclosed within the enlarged persistent tube of the 
perianth (figs. 441, 685, 686). Embryo peripherical (figs. 522, 
686 e); albumen farinaceous; cotyledons foliaceous; radicle inferior 
(figs. 686, 687).—Herbs, shrubs, or trees, with opposite, often unequal, 
■sometimes alternate leaves, and involucrate fl^owers (figs. 681, 682). 



6Sl-r>.S7.—-Organs of fructification of MimbiUs illustrating tbc natuml order 

Ny'saginacein. 

Hg. (>81.—Diagi'Hni of the fl<»wcr, with an imbricated involucre, flw divisions of the perianth, 
Avt; alternate stamens, and a unilocular ovary. 

iilg. l.<f>wer part of the flower <*ut rcutically. i, Involucre, r, Bose of the perianth, 
green and swollen around thoovai'y. ^ Part of its coloured tube, c. Lower part of the nlamonts. 
«, Part of the style, o, Ovary with its erect ovule, 
i^g. stamens with convex swelling at the base of the hlamente. 

Pig. d84.—Style and stigma. 

Fig. 68«'> —Fmit cnlosed by the persistent and indnrated base of the periimth. 

Pig. 686.—Tlie same cut vertically, i, Involucre, c, Perianth. /, roricarj). Perisperm. 
^ Curved peripherical embryo, surrounding mealy albumen. 

Pig. 687.—Horizontal secuon of the fhift a Perianth. U Integument of the seed with the 
pericarp. j>, Perisperm, r, Radicle, c o. Cotyledons. 



4Vb AMAKASTHACE.®—CHENOPODIACEi. 

They are natives prindpally of warm regions. Lindley notices 14 
genera, including 100 species. Examples —Mirabilb (Nyctago), Boer- 
haavia, Pisonia. 

988. The plants of the order have in general purgative q^ualities. 
MirabiUs JaJapa was at one time considered the Jalap-plant, in place 
of Exogonium Purga, one of the Convolvulacese. M. dichotoma is th(‘ 
Marvel of Peru, which is commonly cultivated in gardens. It is 
called in the West Indies “ four-o’clock flower,” on account of opening 
its blossoms at that hour in the afternoon. Some of the species of 
Piaonta present a peculiar arrangement of the vascular bundles of the 
woody stem, which resembles in appearance that of Endogens. 

984. Order 145.—Amaranthaceie, the Amaranth Faimly. (^Apet. 
Hypog.) Perianth 3-8-partite, hypogynous, scarious, persistent, 
usually with two bractlets at the base. Stamens hypogynous, either 
5 and opposite the segments of the perianth, or double that number, 
distinct, or united, sometimes partly abortive; antliers cither dithe- 
cal or monothecaL Ovary superior, single, 1-celled; ovules solitary 
or several, amphitropal, hanging from a free central funiculus; style 
1 or 0; stigma simple or compound. Fruit a utricle or a caiyopsis, 
rarely baccate. Seeds lentilbrm, pendulous; testa cmstaceous; em¬ 
bryo peripherical; albumen farinaceous; radicle next the hilum.— 
Herbs and shrubs, with simple, opposite, or alternate exstipulate 
leaves; flowers in heads or spikes, usually hennaphroditc. They are 
natives of tropical and temperate regions. There are 38 known 
genera, and 282 species. Examples —^Amtiranthus, Achyranthes, 
Celosia, Deeringia, Gtomphrena. 

985. The plants are principally mucikiginous and demulcent. Many 
of them are known in cultivation, such as Atmeranthm Jiypochmidriaciis, 
Prince’s-feathcr; A. cattdatus, Love-lies-bleeding; Celosia cristata, 
Cockscomb; Gomphretiaglohosa, Globe amaranth. Amaranthis lllitum, 
A. ohracem, or Chusan Han-tsi, and otlier species, are used as pot¬ 
herbs. In the Cockscomb, the flowers form 'at the apex a pecidiar 
crest of flattened or lasciated peduncles (fig. 230). 

986. Order 146.— Chcnop«diaccic, the Goosefoot Family. (Aixft. 
Perigyn. and Hypogyn.) Perianth deejdy divided, sometimes tubulai- 
at the base, persistent, without bracts: sestivation imbricate. Stamens 
inserted into the base of the perianth or hypogynous, opposite to its 
segments, and equal to tiiem in number, or fewer (fig. 644). Ovary 
single, superior, or sometimes cohering to the tube of the periaiitli, 
l-celled; ovule solitary, attached to the base of the cell; style 2-4- 
parted; stigmas simple. Fruit membranous, indehiscent, enclosed in 
the calyx, sometimes fleshy. Seed erect or resupinate; embryo curved 
around farinaceous albumen, often like a horse-shoe, or spiral, or 
doubled together without albxunen; radicle next the hilum.—Herbs 
or undershrubs, with alternate, sometimes opposite, exstipulate leaves, 
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aiid hermaphrodite or imisexual flowers. They sure found in almost 
all parts of the world, but do not abound In the tropics. Most of the 
plants are inconspicuous weeds. There are 67 known genera, and 
372 species. Exampka —Chenopodium, SaUcomia, Salsola, Atriplex, 
Beta, Basella. 

987. Many of the plants of tliis order are used as esculent potherbs, 

such as Spinacia oleracea, Spinage, Beta vulgoris, Beet, and var. cam- 
jiesti-is, Field Beet or Mangold Wurzel, Atriplex hortensis, Garden Orach, 
Chenopodium Bonus Henricus, English Mercury. The seeds of Chem- 
podivm Qidnoa are used as food in Peru, under the name of petty 
rice. The plant grows at a great elevation. Its leaves are used for 
spinage. They contain much starch and oil, combined with a bitter 
substance, which appears to reside in the integuments. Many of the 
plants grow in salt marshes, and are called Halophytes salt, 

and 0uTiii, a plfuit). They yield a quantity of soda. Among them 
may be enumerated species of Salwornia, Salsola, Halimocnemis, and 
Kochia. Beet-root yields a quantity of sugar. Arnbrina anthel- 
miidica yields a volatile oil, which is used in the cure of worms. 
Some of the Chenop^ums have a very fetid odour. The genus Atn- 
pkx has polygamous flowers, and was placed by Linnaeus in his class 
Polygiimia. Salvadorapersica, the true Mustard-tree, ahniri or a'mam 
of Scripture, has been referred to this order. Luidley considers it 
the type of a new order in his Echial alliance. The tree grows in 
Syria, and it hsis been fomid in Ceylon. Its root is acrid. Its succu¬ 
lent fruit has the taste of cresses, and its seeds are very small. 

988. Order 147.— Phytoioccacew, the Phytolacca Family. 
Perigyn.) Perianth 4-5-partite, Stamens usually perigynous, inde- 
(initc, or equal to the segments of the perianth, and alternate with 
them. Ovarj' of 1 or several carpels, distinct or combined; ovule I 
in each carpel, a.scending or erect; styles equiil to the carpels in nmnber, 
terminal or lateral; stigmas simple or divided. Fruit fleshy and diy, 
indehiscent, sometimes samaroid. Seeds solitary, erect or ascending; 
embryo straight or curved; albumen mealy or 0; radicle next the 
hilum.—^Underslxrubs or herbs, with alternate, entire leaves, which 
are often dotted. They are natives both of tropical and warm coun¬ 
tries, and are found in America, Asia, and Africa. The order has 
been divided into two suborders:—1. Phytolaccca?, with ascending 
seeds, embryo curved round mealy albumen, and exstipulatc leaves. 
2. Petiverieas, with an erect seed, exalbuminous straight embryo, and 
stii ulate leaves. There arc 12 known genera, including about 70 
species. Examples —^Phytolacca, Eivina, Petiveria. 

989. There is frequently much acridity in tlie plants of this order, 
and some of them act as irritant emetics and purgatives. Tl»e 
succulent fruit of Phytolacca decandra, common Poke, yields a red 
juice. It has been used as a remedy in cases of chronic syphilitic 
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pains, and it possesses also emetic and purgative qualities. The plant 
is said to yield much potash. Petiveria alliacea is the Guinea-hen- 
weed, so called on account of these animals being fond of it 

990. Order 148.—Poirgonuceic, the Buckwheat Family. (Apet. 
Hifpog. and Perigyn^ Perianth inferior (fig. 688 c c), divided, often 
coloured; {estivation imbricate (fig. 689). Stamens definite, inserted 
into the bottom of the perianth (fig. 688 e e, e i); anthers with longi¬ 
tudinal dehiscenae. Ovary fi^ee (fig. 688 o), usually formed by 8 car¬ 
pels, unilocular; ovule solitary, ortliotropal (fig. 418); styles and 
stigmas equal to the carpels in number (fig. 688 s). Fruit a nut, usually 
triangular, naked or covered by the persistent perianth (fig. 271). 
Seed erect; albumen farinaceous; embryo antitropal, generally on one 
side (fig. 690) sometimes in the axis of the albumen; radicle superior 



(fig. 690).—Herbaceous, rarely .shrubby plants, with alternate, stipu¬ 
late, or exstipulatc leaves, and often unisexual flowers. Tlicy are 
found in almost all parts of the world, more especially in the tem¬ 
perate regions of the northern hemisphere. They grow in fields, 
waste-grounds, ditches, mountains, &c. The order has been divided 
into two tribes;—1. Polygonea;, with loose flowers, embryo usually 
abaxial (fig. 521), ochreate stipules (fig. 132). 2. Eriogoneas, with 
involucrate flowers, embryo axial, leaves generally exstipuhitc. 
lindley enumerates 29 genera, mcluding 490 species. Examples — 
Polygonmn, Rumex, Rheum, Eriogonum. 

991. The plants of this order have astringent and acid properties; 
some of them are purgative, and a few arc acrid. Thdr astriirgen<^ 
depends on the presence of tannin, and their acidity chiefly on oxalic 
add. The root of Polygonwm Bistoria, Bistort, so called on account of 

■Si’ 

FigB. ®W-({OO.--0rgaTi8 of fhictlflcation of Fagopyrum esciilcntratn (Polyganuin Fl^ccq?y^um), 
to illustrate the natural order i^olygonaeose. 

Fig. <8^—Vertical section of the itower. c r, Perianth, e e, Outer stamenfi, which are in- 
trorse. e i. Inner etamonH, wliich are oxtrorsc. a, Glandular appondages. o. Ovary with its 
erettt pvule, a. Styles and stigmas. 

^ Fig. 689.—Dia^am of the flower, showing flve divisions of the imbricate perianth, stamens 
i^pbslto tide divisiops, with glands mid triangular unilocular ovary. 

tig. 890.—Seed cut vertically, showing the embryo with its sapcrlor radicle curved at one 
side of mealy albumen. 
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its double twist, contains much tannin, some gallic add and starch, and 
is a powerful astringent. The leaves of P. Hydropiper, Water-pepper, 
are acrid and vesicant. P. tinctorium ^dds a blue dye. The fruit of 
P. aviculare is emetic and purgative, feie fruit of Fagopyrum esculen- 
tum, and other spedes of Buckwheat, is used as food. The plmit is 
cultivated in some northern countries. The leaves of Rumex Acetoao, 
Common Sorrel, and of JS..4cetosei&i, Field Sorrel, are add andastringent. 
The roots of Rumex cujmticm, Water Dock, R. 'Sydrdapathum, Great 
Water Dock, and of other species, are used as astringents and alter¬ 
atives, while those of R. alpinns, under the name of Monk’s-rhubarb, 
were formerly employed as purgatives. One of the most important 
plants of the order is the Rhubarb-plant. The officinal rhubarb is 
the root of an undetermined spedes of Rheum, The extent of countiy 
from which rhubarb of one kind or another is actually collected, 
according to Christison, stretches from Ludak, in 71^° east longitude, 
to tlie Chinese province of Shen-si, 29“ farther east, and fi-om the 
Sue-chan mountains, in north latitude 26", nearly to the frontiers of 
Siberia, 24“ northward. The best rhubarb is said to come from the 
very heart of Thibet, within 95“ east longitude, and 35“ north Latitude, 
five or six hundred miles north of Assam. Hie following are the 
s]>ecics of Rheum said to yield rhubarb:— 

I. likeum Palmatutn. L. This has perhaps the best title to be considered tiie 
true rhubarb-plant. 

a. IVusum undulatum, L., which yields much of tlie French rhubarb. 

K. Rheum Compadum, L. Another species yielding French Rliubarb, and 
often cnltivutcd in Britain for its acid petioles. 

4. Rheum Kmodi, Wall. This species yields n kind of Himalayan rhubarb. 

Its petioles are used for their acid properties. 

5. Rheum r/ujfionticum, L, Used in France and Britain in the same way ns 

the tliird species. 

G. Rheum hybriaum, Murr. Mach cultivated in Germany for its root, and in 
Britain for its stalks. 

7. Wieum Webbianum, Itoylc. A Himalaya i species. 

«. Rheum snmforme, Boyle. Another Himalayan species. 

9. Rfieum Afoorcro/tianum, lioyle. Another llimalayan species. 

10. R/ieum crassinervium, Fisch. A Knssian species. 

11. Rheum leucorhisum, Fall. A Siberian and Altai species, said to yield 

imperial or white rhubarb. 

12. Rheum Capsidim, Fisch. A Caspian and Altai species. 

13. Rheum Ribes, L. An Afighonistan and Persian species. 

.411 these species grow in the cold parts of the world, as on the Altai 
mountains, in Siberia, Thibet, Nortit of Cliina, and on the Himalayan 
range. Ihe rhubarb procured from one or more of these sjiedes, is 
known in commerce under the names of Russian or Turkey, Chinese or 
East Indian, and English rhubarb. Rhubarb contains raphides of oxa¬ 
late of lime (if 18), along with tannin, gallic add, resin, and a peculiar 

2 1 
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ycllow-colotired principle called rhabarberin, which seems to be 
identical with chrysophanic add. Eaphides form from 85 to 40 per 
cent, of Turkey rhubarb, and give rise to its grittincss. These crystals 
are less abundant in the other varieties of rhubarb. Ehubarb is 
employed medicinally as a cathartic, astringent, and tonic, in the form 
of powder, pill, extract, tincture, wine, and infusion. Coccohha 
uvifera, Sea-side-grape, so called from the appearance of its fruit, 
yields an astringent substance, called Jamaica IGno. 

992. Order 149.— Begoniaceie, the Begonia Family. {Apet. DkUn.) 
Flowers unisexual. Perianth coloured, having usually 4 divisions in 
the male flowers, and 5 or 8 in the female, some being smaller than 
others; lestivation imbricate. Stamens 00, distinct, or united iuh) a 
solid column; anthers collected in a head, dithecal, with a thick 
connective, and longitudinal dehiscence. Ovaiy mlhcrcnt to the tube 
of the perianth, winged, 3-celled, with three phicentas meeting in the 
sixis; ovules 00, anatropal; stigmas 3, sessile, 2-lobed, .somewh.at 
spirally twisted. Fruit a membranous, triangular, winged capsule, 
dehiscing. below in a loculicidal manner. Seeds 00, minute; testa 
thin and reticulated; albumen 0; embryo oblong; radicle next the 
hilum. — Semi-succulent herbaceous plants fmd undershrubs, svith 
alternate oblique leaves, having large scaaious stipules. Tliey are 
sometimes called Elcphant’s-ear, from the form of the leaves. They 
are natives of warm countries, as the East and West Indus, and South 
America. The stomata on the lower side of the leaves of many of the 
species of Begonia arc arranged in clusters, and exhibit a beatitiful 
appcai’ance under the microscope, llieir loaves and young stems arc 
acid, and have been used for tarts. Their roots arc astringent and 
slightly bitter. Begonia ohligua is said to have purgative roots, and it 
is sometimes called wild rhubarb. There are 3 genera, and 159 
known species. Example —Begonia. 

993. Order 150.— i,aHracc<e, the Laurel Family. {Apet. Fcrigi/ti.) 
Perianth with 4 or '6 divisions, which are usually in 2 rows (figs. 
691, 692), the limb sometimes obsolete; ajstivation imbricate (fig. 692). 
Stamens perigynous, definite, often twice as many as the divisions of 
the perianth, and arranged usually in two rows; those of the innoj- 
row (often three) being frequently sterile (sta.minodia), (fig. 693 e s). 
while those of the outer (often six in number) aie fertile (figs. 692, 
693 e/); if the inner stamens are fertile, they are extrorsc, while the 
outer are introrse; filaments of the inner row often with glands at 
their base (figs. 325, 694 g ); antliers 2-4-cellcd, cells opening by 
longitudinal valves (figs. 325, 695). Ovary superior, unilocular, (fig. 
693 o); ovule solitary, pendulous (fig. 693); style simple; stigma ob¬ 
tuse (fig. 693 s). Fruit baccate or drupaceous, naked, or covered by the 
enlarg^ perianth (fig. 696); peduncle of the fruit sometimes becom¬ 
ing fleshy. Seed solitary, pendulous; albumen 0; embryo inverted 
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(fig. 697 e ); cotyledons large, plano-convex, peltate near the base; 
radicle very short, superior; plumule conspicuous. Trees, with 
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'■xstipulatc, alternate, rarely opposite leaves; sometimes twining, para¬ 
sitic, and Icaflass herbs or undershrubs. They are natives chiefly of 
the tropical regions of Asia and Americfi. Few are found in Africa. 
The order has been divided into two suborders:—1. Lauresc, true 
l.iaurels, trees with leaves. 2. Cassytheas, Dodder-laurels, climbing 
parasitic plants without leaves. Tliere are 47 known genera, and 
459 species. Examples —^]..aunis, Cinnamomimi, Persea, Nectandra, 
'rctranthcra, Cassytha. 

994. 'Die plants of this order are in general aromatic and fingrant. 
Many of them yield volatile and fixed oils, otliers furnish camphor, 
.and others have bitter and tonic barks. Some supply useful timber. 
Jjamnis nohilis is the Victor’s-laurcl, the leaves of which were used to 
crown the conquerors in battle, and in the Olympic games. It is pro- 

1*1;^ ^>1-097.—OrgiinH of fnu'tiflcatlon of Cinnainoniutu sscylanicum (Laurus Giimamonmm), 
to UIuKtrutc tlic niitui'iJ order lAt.urn<H!n>. 

Fig, 01H.—Fl(»wcr entire, with (Mlividert pciiantii. 

Fig. d92.->-T>ingrum of the flower, witli six imbricate divisions of the perianth; stamens In two 
TOWS The outer six introrae, the Inner three extrorso; glandular disk, and unilocular ovary. 

T'ig. <i9il.~Thc flower cut vertically, c, The perianth. « /, Fertile outor stamens with valvu- 
Im mtn>rHe dchiaccnco. c«, Sterile inner atuineiis with glandular bodica o, Monothccol ovary 
w*ib ixmduious ovule, x, Style, and obtuMt stigma. 

Fig. d94.—Stamen separated. /, Filament, with two glandular bodies, g g, at its banc, er, An¬ 
ther with valves. 

Fi^ 6%.—Anther viewed separately, showing its mode of deldscencc from below upwards by 
four longitudinal vaivc*8. 

Pig. CtK).—Fruit, which is succulent and partially enclosed in the persistent perianth. 

Fig. 6ii7.->The f^t deiirived of the i>eriunth, and cut vertically, p, Pericarp. /, Integument 
of the seed, c, Embryo. 
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bably the ms* of the Bible. It is often called Sweet-bay, and is quite 
distinct from tiie common Bay, or Cherry-laurel ( Cerams Lauroceraaiui), 
both as regards structure and properties. It does not yield any hydro- 
tyanic acid. The leaves and firot are used medicinally as aromatic 
stimulants. The leaves contain a volatile oil, and the dark-coloured 
fruit yields, by expression, an odoriferous concrete oil of a green 
colour, called Oil of Bays. Camphora officinarum (Lemnts Camjihora), 
a native of China, Japan, and Cochin-China, is the Camphor-tree. 
Many plants supply a land of Camphor, but the common camphor of 
the shops is the produce chiefly of this tree. AU parts of the tree 
supply it, but it is obtained principally from the wood by distillation 
and subsequent sublimation. It is used in medicine as a sedative anti- 
spasmodic, in the form of mixture and tincture. The Borneo camphor 
has been noticed under the natural order Dipterocarpaceaj (f 789). 
Sassiifras officinale {Laurus Sassafras), is an American tree, the root, 
wood, and flowers of which have been used in medicine. The root is 
prescribed in Britain as a warm aromatic stimulant and diaphoretic. 
It contains a volatile oil. Cinnamottium zeijlanicum (Laurus Cmnamo- 
mmn), is the true Cinnamon-tree, wliich is extensively cultivated in 
Ceylon. The tree attains the height of 30 feet. Tie bark of the 
tree constitutes the cinnamon of commerce, the liaip of the Bible. 
The young tivigs furnish the best cinnamon. The bark yields by dis¬ 
tillation an oil, which is at first of a yellow colotu, but soon assumes 
a reddish hue. The ripe firuit yields a concrete oU called cinnamon- 
suet. The root yields camphor. Cinnamon is administered as a tonic, 
stomachic, and carminative. The average importfition of cinnamon 
into London is estimated at 500,000 poimds. The leaves of the 
ciimamon-tree are more or loss acuminated; they have three principal 
ribs, whidi come into coutiict at its base, but do not unite; its young 
twigs arc not downy, and its leaves have the taste of cloves. Cinna- 
momum Cassia or aromaticum (Laurus Cassia), seems to be the chief 
source of the Cassia lignea, or Cassia-bark of commerce, the mp of 
the Bible. It diflTers from the true cinnamon in many particulius. 
Its leaves are oblong-lanceolate; they have three ribs, which coalesce 
into one at the base; its yoimg twigs are downy, and its leaves have 
the taste of cinnamon. There is a fine specimen of the plant about 
twentyfeet high in the Edinbtirgh Botanical Garden, which bears flowers 
regularly every year, and occasionally has produced fruit. Cassia- 
bark is imports from Canton through Singapore. It yields a yellow 
volatile oil called Oil of Cassia. Both the bark and oil are administered 
as aromatic stimulants. It is probable that Cassia buds, which con¬ 
sist of the flower-bud (perianth and ovary), are the produce of the 
Cassia-bark tree. They are used chiefly in confectionery, and they 
have the flavour and pungency of Cassia. Malabar Cassia appears to 
be the produce ofanomer species of Cinnamomum, perhaps C. mcalyp- 
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toules. Neclandra Itodied, a large free found in British Guiana, yields 
a bark known as the Bebeeru-bark. The wood of the tree is im¬ 
ported for ship-building, imder the name of Green-heart. The bark 
was used by Dr. Eodie, who detected the existence of an alkaloid 
called Bebcerina. Dr. Douglas Maclagan obtained it piu^, and foimd 
along with it another alkiiloid called Sipeerina. Sulphate of Bebeerina 
is used as an antiperiodic. The cotyledons of the seed contain much 
starch, and are used for food. Permi gratissma (Laums Persea) yields 
a pear-shaped succulent iruit called Avocado or Alligator-pear, or 
Subaltem’s-butter. It contains a fixed oil. The clove nutoegs of 
Madagascar are produced by Agaihophyttum aromatimm, and BraSlian 
nutmegs are the produce of CryptocAm/a rrmchata. Benzoin odariferum 
is the Spice-wood or Fever-bush of North America. 

995. Order 151.—aiyrinticaccEe, the Nutmeg Family. (Apte^ 
i-lki.) Flowers unisexual. Perianth trifid, rarely qnadrihd, in the 
fem^e deciduous; {estivation valvate. Stamens 3-12; filaments com¬ 
bined into a cylinder; anthers united or distinct, dithecal, extrorse, 
dehiscing longitudinally. Ovary free, composed of one or more carpels, 
unilocular; ovule solitary, erect, anatropal; .style very short; stigma 
somewhat lobed. Fniit succulent, 1-celled, 2-valved. Seed solitary, 
usually covered by a laciniated nriUus; embryo small, orthotropal, at 
the bfise of ruminate albumen; cotyledons foliaccous; radicle inferior. 
—^Trecs with alternate, ex.stipulate, entire, not dotted leaves. Natives 
of the tropical regions of Asia and America. There are 5 known 
genera, and between 30 and 40 species. Example —^Myristica. 

990. Acridity and {uumatic fragrance are the properties of tlie 
order. The most important plant is Myristica officinalis (M. moschata 
or aromatica), a tree attainiug a height of thirty feet, found in the 
Moluccas, and cultivated in many tropical countries. Tlje fruit is 
drupaceous, and opens by two valves when ripe, displaying the beau- 
lifiil reticulated scarlet arillus, which constitutes mace. Within this 
is a thin, hard, dark-brown, glossy shell, covering tlie kernel, which is 
the nutmeg of the shops. It is said that a single tree will yield on an 
average about six pounds of nutmegs. By expression they are made 
to yield a concrete oil called Adqes Mymthce, or sometimes errone¬ 
ously oil of mace. A volatile oil is also procured by distillation. 
Mace is an arillode or additional covering of the seed commencing at 
the exostome (T 581). It has a fine crimson hue, and yields a fatty 
matter and volatile oil, resembling those of the nutmeg. Nutmeg and 
niiice are used medicinally as aromatic stimulants and condiments. In 
large doses they have a narcotic efiect. The fleshy part of the fruit is 
used as a preserve. The kernels of MyrisUca tommtosa are also used 
as aromatics, under the name of wild or male nutmegs. The bark of 
many plants of the order yields an acrid juice, which is sometimes of 
a crimson colour. A red pigment is fiimished by Pyrrhosa tmgens. 
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997. Order 152.—Prateacefc, the Protea Family. {Apet. P&ygn.) 
Perianth more or less deeply 4-divided; sestivation valvate. Stamens 
perigynous, 4 (1 sometimes sterile), opposite the segments of the peri¬ 
anth; anthers dithecal, with longituinal dehiscence. Ovary single, 
superior, unilocular; ovules single or in pairs, anatropal or amphitro- 
pal; style simple; stigma undivided, discoid. Fruit dehiscent or in- 
deluscent. Seed exalbuminous, sometimes winged; embryo straight; 
cotyledons 2 or more; radicle inferior, next the hiliun.—Shrubs or 
small trees, with hard, diy, opposite or alternate, exstipulate leaves. 
They are natives principally of Australia and the Cape of Good Hope. 
The order has been divided into two sections:—1. Nucumentacea!, 
with nucumentaceous indehiscent fruit. 2. FoUiculares, with follicular 
dehiscent fixut. lindley mentions 44 genera, including 650 species. 
Eoamples —Protea, Persoonia, Grevdlea, Ilakea, Banksia, Dryandra. 

998. The plants of this order have no medicinal properties of im¬ 
portance. They present great diversity of appearance, hence the name 
of the order, and they are cultivated for their handsome habit, and 
the peculiarity of their flowers. The clustered cone-like heads of the 
flowers of Banksias have a remarkable appearance. In Grevillea tlie 
style is at first bent downwards, and the discoid stigma is enclosed within 
the upper part of the perianth, whore the anthers are placed; but 
after the poUen has been scattered, the stigma is emancipated, and the 
style rises upwards. The fruit and seeds of a few plants of the order 
are eaten, and the wood is used for economical purposes. Gttevina 
Avellana yields nuts, which are sold in Chili under the name Avellano. 
Protea melMfera is called Sugar-bush, on account of the honey fur¬ 
nished by its flowers. Leucadendron argenteum is the Witteboom of 
the Cape. 

999. Order 153.—Eiteognacctc, the Oleaster Family. (Apet. Piclin. 
and Perigyn.) Flowers usually unisexual, rarely hermaphroditt*. 
Male flowers amentaceous, with 2-4 leaves forming the perianth; 
stamens 3, 4, or 8; anthers nearly sessile, ditliecal, introrse, and 
dehiscing longitudinally. In the female and hermaphrodite flowers, 
perianth tubular, persistent, with an entire or 2-4-toothed limb. Disk 
fleshy. Ovary superior, 1-celled; ovule solitary, ascending, on a 
short funiculus, anatropal; style short; stigma simple, subulate, glan¬ 
dular. Fruit a crustaoeous acha3nium, enclosed within the enlarged 
succulent perianth. Seed ascending; embryo straight, surrounded by 
thin fleshy albumen; cotyledons fleshy; radicle inferior.—^Trees or 
shrubs, with alternate or opposite, entire, exstipulate leaves, which are 
often covered with scurfy scales (fig. 83). They arc found in aU parts 
of the northern hemisphere. They have no marked medicinal pro¬ 
perties. The firdt of some is eaten. HijpophaS rhamnoides, Sea 
Buckthorn, is furnished with sharp spines, and forms a good hedge 
near the sea. Its firuit is eaten, although it is said by some to have 
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narcotic qualities. The plant yields a yellow die. The firdt of 
Ekeagrms parmfolia is eaten. There are 4 known genera, and 30 
species. Examples —Elseagnus, Hippophac. 

1000. Order 1.54.—Pemi Beeic,theSarcocol Family. {Apet. Perigpn.) 
Perianth coloured, salver-shaped, with a 4-lobed limb, and with two 
or more bracts at its base, persistent. Stamens perigynous, either 4 
t)r 8, alternate with the lobes of the perianth; anthers dxthecal, introrse. 
Ovaiy superior, 4-celled; ovules usuiiUy in pairs, collateral, anatropal, 
ascending or suspended; style simple; stigmas 4. Fruit a 4-celled, 
4-valved capsule. Seed erect or pendulous; testa brittle; hilum 
with a fungus-like aril; nucleus a fleshy mass, without distinction of 
idbumeu or embryo.—Shrubs, with opposite, entire, exstipulate leaves. 
They are found at the Cape of Good Hope. They have no known 
properties of imporbuice. The gum-resin called Sarcocol is said to be 
produced on the perianth of Pencea Surcocolla, and other species. 
There ai-e two sections of this order:—1. Penaiete, sestivation valvate, 
stamens 4, connective fleshy, ovules ascending. 2. Geissolomeaj, aisti- 
vation imbricate, stamens 8, connective not fleshy, ovules suspended. 
There are 3 known genera, and 21 species. Examples —^l-’ensea, Geis- 
soloma. 

1001. Order 155.—Thrmeiaiiicefe, the Daphne Family. {Apet. 
Petigyu.) I’eriantli tubular, coloured, 4- rarely 5-cleft, inferior; 
occasionally with scales in its orifice; jestivation imbricate. Stamens 
perigjaious, definite, oflen 8, sometimes 4 or 2 and tlien opposite the 
segments of the pcrimith; authors dithecal, with longitudinal dehis¬ 
cence. Ovary fine, 1-celled; ovule suspended, anatropal (fig. 426); 
style 1; stigma undivided. Fruit either nut-hke or drapaceous. 
(Seed solitary, ])endulous; albumen 0, or thin and fleshy; embryo 
stnught; cotyledons plano-convex, or somewhat lobed and shrivelled; 
nidide superior.—Sliriibby, rarely herbaceous plants, with alternate, 
or opposite, entire, exstipulate leaves. Natives of various parts of the 
world both in warm and temperate regions. There are two sections 
of the order:—1. Daphnea;, with hermaphrodite or rarely unisexual 
flowers, and plano-convex cotyledons. 2. Hemandiea;, with poly¬ 
gamous flowers, and lobed and shrivelled cotyledons. Lindley enu¬ 
merates 38 genera, including 300 species. Examples —Daphne 
(Thymelaia), Passerina, Pimelea, Gnidia, Lagetta, Exocarpus, Heman- 
^a, Inocarpus. 

1002. liie bark of many of the plants is acrid and irritant, the 
fruit is often narcotic. Tlie bark of the root, as well as that of the 
branches of Daphne Mezereum, Mezereon, is used in decoction as a 
diaphoretic in cutaneous and syphilitic aJOfections. In large doses it 
acts as an irritant poison, causing hypercatharsis; and, when applied 
externally, it acts as a vesicant. It contains a neutral crystalline 
principle (^ed Daphnein. The succulent fiuit is also poisonous. The 
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barks of Daphne Gnidiurn, D. aljnna, D. Cneorum, D. pontica, and J). 
Laureola, Spurge-laurel, have similar properties. The finoit of Dirca 
pahtstris, Lather-wood, is said to be narcotic. The bark of many of 
the plants is made into ropes and paper (fig. 101). The inner bark of 
Lagetta Imtmria (Daphne Lagetta), when cut into thin pieces after 
maceration, assumes a beantiM net-hke appearance, whence it has 
received the name of Lace-bark. The bar^ young leaves, and seed 
of Hemandia, are slightly purgative. The seeds of Inocarpus edulie 
have the taste of chestnuts, and are eaten when roasted. 

1003. Order 156.—AqniiBrinccsie, the Aquilaria Family. (Apet. 
Perigyn.) Perianth coriaceous, imbricate or tubular, limb 4-5-lobed; 
aestivation imbricate. Stamens usually 10 fertile, alternating with 10 
sterile, in the form of petaloid scales, sometimes 8 or 5; filaments in¬ 
serted into the orifice of the perianth, often xmited; anthers dithecal, 
with longitudinal dehiscence. Ovary free, ovate, compressed, 2-celled; 
ovules 2, suspended, anatropal; stigma usually sessile, large and sim- 
plu Fruit a pyriform, sessile, or stipitate 2-valved capsule, or drupa¬ 
ceous and indwiscent. Seeds 2, one on each placenta, pendulous; 
albumen 0; cotyledons flesliy, hemispherical; radicle straight, superior. 
—^Trees, with alternate or opposite, entire, stalked, and exsripulate 
leaves. They are natives of the tropical regions of Asia. They have 
no known medical properties. Ar/uilaria ooata and Ayalhclmm fur¬ 
nish a fragrant wood called Eagle-wood, or Aloes-wood. It is pro¬ 
bably the D'^, the trees of Aloes or Lign-Aloes, of the Bible, yield¬ 
ing an aromatic perfume. There are 6 genera noticed, including 10 
species. Examples —^Aquilaria, Gyrinopsis. 

1004. Order 157.—Chaiiieiiaceic, the ChaUletia Family. (Apet. 
Perigyn.) Perianth 5-parted, with an incurved valvate scstivation. Sta¬ 
mens inserted into the base of the perianth, 5 inner fertile opposite the 
segments of the perianth, 5 outer sterile, petaloid, usually with glands 
at their base; anthers ovate, versatile, dithecal. Oviaj free, 2- 3- 
ceUed; ovules twin, pendulous; styles 2-3, distinct or combined; 
stigmas capitate or obscurely 2-lobed. Fruit dry, 1- 2- or 3-cclled. 
Seeds solitaiy, pendulous, exalbuminous; embryo thick; cotyledons 
fleshy; radicle superior.—^Trees or shrubs, with alternate, stipulate 
leaves, and axillary peduncles, ofl«n cohering to the petiole. They 
are natives of the warm parts of Africa and South America. The 
fruit of ChaUletia toxicaria is said to be poisonous. There are 4 genera, 
and 10 ^ecies known. Examples —Clrailletia, Tapura. 

1005. Order 158.—SaniTdacete. the Samyii Family. (Apet. Peri¬ 
gyn.) Perianth 4-5-divided, usually coloured inside; aestivation some¬ 
what imbricate. Stamens inserted into the tube of the perianth, 
2, 3, or 4 times as many as its divisions, either all fertile, or de alter¬ 
nate ones sterile, shorter and fringed; filaments monadelphous at the 
base; anthers erect, ovate, 2-celled. Ovary free, 1-c^ed; ovules 
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ftO, attached to parietal placentas, semi-anatropal; style 1, filiform; 
stigma capitate or slightly lobed. Fruit a coriaceous, unilocular, 3-5- 
valved capsTile, partially dehiscent. Seeds 00, fixed irregularly on the 
pulpy inner surface of the valves, with a fleshy arillus, and a hollowed 
hilum; embryo large, in the midst of oily or fleshy albumen; cotyle¬ 
dons ovate, foliaceous; radicle pointing to the extremity remote from 
the hUtun.—Trees or shrubs, with alternate. Simple, stipidate leaves, 
usually having pellucid, round, or linear markings. Natives of tropi¬ 
cal regions, chiefly in America. Some of the species of Camiria are 
bitter and astringent. There are 5 known genera, and 80 species. 
Examples —Samycla, Casearia. 

1006. Order 159.—Bomaiiaceie, the Homalia Family. {Ajtel. 
Ferigyn.) Perianth fimnel-shaped, with 5 to 15 divisions, and having 
usually alternating petaloid segments, and glands or scales in front of 
the outer divisions. Stamens perigj’nous, either single or in parcels of 
3 or 6, alternating with the outer divisions of the perianth; anthers 
dithec^, with longitudinal dehiscence. Ovary partly adherent to the 
tube of the perianth, 1-celled; ovules numerous, anatropal, pendulous, 
attached to 2, 3, or o parietal placentas; styles 3-5, simple, filiform, 
or subrdate. Fruit either baccate or capsular. Seeds smsJl, ovate; 
embryo in the axis of fleshy albumen; cotyledons leafy; radicle 
superior.—^Trees or shrubs writh alternate leave.s, having deciduous 
stipules. Many look upon the petaloid division of the perianth as 
true petals. Lindley puts this order in his Cactal alliance, and con¬ 
siders it as iUlied to Loasaceai. It contains tropical plants, which do not 
possess any important properties. Lindley mentions 8 genera, includ¬ 
ing 30 species. Examples —Ilomalium, NLsa. 

1007. Order 160.—SaniaiBcttie, the Sandalwood Family. {Ajmt. 
E/iiffyn.) Perianth suj>erior, 4-5-clefl;; restivation valvate. Stamens 
4-5, opposite the segments of the perianth, and inserted into their 
biises. Ovary coherent, 1-celled; ovules 1-4, pendulous fi’om the apex 
of a central placenta; style 1; stigma often lobed. Fruit nut-like or 
drupaceous. Seed solitary; embryo minute, in the axis of fl^y 
idluunen; radicle superior.—^'I’rees, shrubs, or herbs, with alternate or 
nearly opposite exstipulate leaves. Found in various parts of the 
■world, as Europe, Asia, America, and New Holland. Lin^ey gives 18 
gener.'!, including 110 species. Examples —Santaliun, Osyris, Thesium. 

1008. Some are astringent, others yield fragrant wood. Santabim 
albvm, and other Indian and Polynesian species, yield Sandalwood, 
''vhi<jb is used botli medicinally and as a perfiime. The seeds of some 
of the plants of the order are eaten. The species of Thxsmm seem to 
be root-parasites. The large seeds of Pyrularia oMfera, BuflSilo-tree, 
or Oil-nut, yield a fixed oil. 

1009. Omer 161.—^AiristoiocMacefe, Ihe Birthwort Family. (Apet. 
Epigipiy Perianth adherent, tubular, 3-cleft (fig. 699), regular or 
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somedmes very irregular (fig. 698); sestivalion valvate or induplicato. 
Stamens 6-12, epigynous, ^stinct or gynandrous (fig. 701). Ovary 
inferior, 3-6-celled (figs. 700, 702); ovules 00 (fig. 700), anatropal, 



horizontal; style, simple, short; stigmas radmting, 3-6 (fig. 701s). 
Fruit dry or succulent, 3-6-celled (fig. 703). Seeds (fig. 704) numer¬ 
ous ; embryo very minute, at the base of fleshy albumen (fig. 705); 
cotyledons inconspicuous; radicle next the hilum (fig. 700).—Herbs 
or shrubs, often climbing, with alternate, simple, often stipulate leaves, 
imd solitary axillary flowers. Found in abundance in the warm 


Figs. A98-70n.—Organs offhictifieationof Aristoloehia Clematitis, to illtistrate tlie natural order 
Aristolmthluctue. 

Fig, «9H.—Flower entire, consisting of an inferior ovary, and a suiierior, irregular, fennel- 
perianth, o, Fart of tlie perianth adlicrcnt to the ovary, t. Fart of the tulie of the. 
pc^anth, witli a svi'oUen portion at the hasc, enclosing the anthers aud stigniu. 2, Limb of the 
perianth prolonged later^ly in a tonguc-likc form. 

Fig. 609.—Diagram of the flower, showing three divirions of the perianth, six anUiers, and six 
cells of the ovary. 

Fig. 700.—Lower part of the flower cut vertically, o. Ovary with inimcrous ovules. «, Radi¬ 
ating stigma, fts, Antliers. c. Swollen part of the tube of tlie perianth. 

Fig. 701.-4, Stigma with the anthers adhering to the column in pairs, o. Summit ofthe ovary- 
c, Swollen pari of the tube of tiie perianth. 

Fig. 702.—Horizontal section of the rix-celled ovary. 

Pig. 703.—Ripe fiTflt Pig. 701—Angular seed. 

Fig. 705.—Seed cut vertically. ^ Tntegainent thickened near the chalaza. Fleshy peri- 
sperm. a Minute embrya 

Fig. 70&—Embryo separated, with cotyledons and radlde. 
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regions of South America, and growing also in the temperate and 
cold regions of Europe, Asia, and America. There are 8 known genera, 
and 130 species. Eamnjiks —^Asamm, Aristolochia. 

1010. The plants of the order are generally bitter, tonic, and stimu¬ 
lant. Some are acrid, and act as emetics. Tlie leaves of 

jire used as an acrid emetic tmder the name of Asarabacca. The roots 
appear to have greater' activity than the leaves. Hie powdered root 
and leaves enter into the composition of cephalic snuffi, which cause 
sneezing by their irritation, and are used in cases of headache and 
ophthahnia. An active crystalline substance, called Asarin, exists in 
the plant. Asarum canaden.'ie., Wild Ginger, or Canada Snake-root, is 
used as a spice in Canada. The shrubby species of Aristolochia have 
a peculiar arrangement of vascular bundles in their wood. There are 
no concentric zones, but a number of separable wedges (IT 90). The 
name of Birthwort, given to ArLstoloehias, depends on their supposed 
action on the uterus. Some of them are used as emmenagogues. The 
root of Aristolochia serpentaria, V'irginian Snake-root, is a stimidant 
tonic. Tlie plant is a native of the United States. It was formerly 
used as an antidote to snake-poison. It is now employed occasionally 
as a tonic diaphoretic. Aristolochia longa, rotunda, and Cletnatitis, were 
celebrated in smeient times as uterine remedies. The roots of many of 
the species have a strong aromatic taste. Tliosc of Aristolochia amjui- 
cida are said to stupify snakes. 

1011. Older 162.—N«p«nihacefe, the Pitcher-plant Family. {Apet. 
Dicliit.) Flowers dioicious. Perianth 4-parted, inicrior; icstivation 
imbricated. Male flowers: Stamens united in a solid central column; 
anthers about 16, forming a spherical head, extrorsc, and witli 
longitudinal dehiscence. Female flowers: Ovary free, four-comcred, 
4-celled; ovules 00; stigma sessile. Fruit a 4-colled, 4-valved 
capsule, with loeulicidal dehiscence. Seeds 00, ascending, very 
minute, fusiform, with a loose testa; nucleus less than the seed, sus- 
{icndod by the chalaza; embryo in the midst of fleshy albumen; 
cotyledons plano-convex; radicle pointing to the liilum.—Herbs, or 
half-shrubby plants, with alternate leaves, slightly sheathing at the 
base, having a foliaceous petiole, which forms an ascidium at its ex¬ 
tremity, and the lamina in the form of a lid (fig. 184). Natives of 
swampy ground in the East Indies and China. Hiey have no known 
properties. The pitchers have been found to coniain a solution of 
binoxalatc of potash. Some chemists have detected muriate of soda, 
malic, and other acids in them. Spiral vessels abound in aU parts of 
the pitcher plants; and the woody bundles are without concentric 
zones. Lindley gives 1 genus, and 6 species. Example —^Nepenthes. 

1012. Order 163.—Setiacacefe, rile Datisca FamUy. (Apet. 
JMclin.) Flowers tmisexual. Male Flowers: Perianth 3-4-divided. 
Stamens 3-7; anthers linear, membranous, dithecal, with longitu- 
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^Bail dehiscence. Femfile flowers: Perianth adherent, 3-4-toothed. 

inferior, unilocular; ovules 00, anatropal, attached to 3 or 4 
parietal placentas; styles as many as the placentas. Fruit a 1-celled 
capsule, opening at the apex. Seeds 00, strophiolate, with a reti¬ 
culated spermodenn; albumen 0; embryo straight; cotyledons very 
.^ort; radicle pointing to the hilum.—^Herl>aceous branched plants or 
trees, with alternate, exstipulate leaves. They are scattered over 
North America, various parts of Asia, and the south-eastern part oi' 
Europe. Some of the plants are said to be bitter, and others of them 
•have purgative qualitiea It has been stated that female plants of 
iMiisca cannabina have produced seed without the application of pol¬ 
len. Facts are stiU wanting to prove this. Idndley mentions 3 
genera, and 4 species. Examples —Datisca, Tetrameles. 

101 k Order 164.—iimp«tracei«, the Crowberry Family. (Apet. 
Diclin.) Flowers unisexual. Perianth bud-like, consisting of per¬ 
sistent imbricated scales, in 2 or 4 alternating rows, the inner row 
often petaloid. Male flowers: Stamens 2-3, equal in number to the 
sades in each row, and alternating with the innermost, hypogjmous; 
anthers rotmdish, dithccal, with longitudinal dehiscence. Female 
flowers: Ovary free, seated on a fleshy disk, 3- 6- or 9-cclled; ovules 
solitary, anatropal, ascending; style 1; stigma with as many radii as 
there are ovarian cells. Fruit a nuculanium, seated wdthin the per¬ 
sistent perianth. Seeds solitary in each nucule, ascending; cmbrj'o in 
the axis of fleshy albumen; ra^cle inferior.—^Heath-like shrubs, with 
alternate or somewhat verticUIate, evergreen, exstipulate leaves. They 
inhabit cMefly Europe and North America. The Ihrit of some is 
slightly acid. Empeirum nigtnim, the black Crowberry, is common on 
the mountainous and northern parts of Europe. The ihiit is watery, 
and very slightly acid and astringent. Lindlcy notices 4 genera, and 
4 species. Examples —Empetrum, Corema. 

1014. Order 165..—Enphorbiacoie, the Spurge Family. (I)idhi.) 
Flowers unisexual, sometimes enclosed within an involucre (fig. 707). 
Perianth lobed, inferior (figs. 314 c, 317 c), wnth various glandular or 
petaloid, scaly, internal appendages (figs. 314 405); sometimes the 

flowers are naked (fig. 708). Male flowers (fig. 707 fin,fin): Stamens 
definite or 00, distinct (fig. 708) or monadelphous (fig. 314,1), or poly¬ 
adelphous (fig. 317); anthers bilocular, sometimes with porous dehis¬ 
cence (fig. 323). Female flowers (figs. 405, 707/ f ): Ovary fi«e, 
sessile or stalked, 1- 2- 3- or many-celled (fig. 709); ovules solitary or 
twfin, suspended; styles equal in number to the cells (figs. 314, 2, 
709 «), distinct or combine^ sometimes 0; stigmas sever^, or 1 with 
several lobes. Fruit usually tricoccous (figs. 447, 458), with the cocci 
separating in an elastic manner, and opening by 2 ’^ves (figs. 710, 
711), or indehiscent and fleshy. Seeds solitary (fig. 712) or in pairs, 
.suspended, ofl«h arillate (fig. 458 gg)', embryo endosed in fleshy albu- 
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uu!n (fig. 483); cotyledons flat (fig. 509); ladicle superior (fig. 713). 
—Trees, slirubs, and herbs, ofl«n aboiin^g in acrid milk, with oppo¬ 
site or alternate, often stipulate leaves, sometimes none. Some look 
on this order as apetalotis, vrith a tendency to develop a corolla, while 
others consider it polypetalous, with a tendency to have the corblla 



supprfissed. In European plants of the order tliere are usually no 
jietals present, but in those of tropical countries the corolla is fre- 
([Ueiitly well marked. In the Euphorbias of Britain, there is an evi¬ 
dent involucre, surrounding a number of aehlamydeous male and 
li-malc flowers, which by' Linmeus were looked upon as merely stamens 
and pistils, and hence the plants were put by him in Dodecaudria in 
])lace of Monuscia (see ^ 401). The flowers in Euphorbiacea) vary 
much in the number of ihek piirts, ius may be setm in figs. 545—550. 
.Sometimes the general pedmicle or rachis becomes flattened and leaf- 
likc (fig. 929). The infloreuce is occasionally amentaceous, as in 
the division Scejxiceiv, which is .separated, as a distinct but not fiilly 
defined order, by Lindley. 'nie plants of the order alxnmd in warm 
regions, especLally in Equinoctial America, where they occur as trees 
or bushes, or hictescent herbs, juid often present the appearance of 
(lactuses, from which their milky juice at once distinguishes them. They 
are also found in North America and in Europe. In Britain there are 


707-713. -Orj^iinN of fnictiflcHtioJi of Euphorbia iwlostriH, to illustruto tlio imtiu'a} order 
(Anihurbiacca*. 

707.—Iiifiorusocnco, witli the 1Il^'o1n<Te, f ^ <n>enod and m^iroad out, to tdtow tho position 
'if tliu male un<l female Itowera which it ciicIom^s. o (/, Glands (irJandular lobes) alternating with 
I lie diyisionR f»f the Involucre, h b, Membranous laininic, or bracti^ at the ba«c of tlie liowers. 
r Acbliunydeuus iiiaUt flowortL couidstinjc: of a single etameu, sa)>rK)rtod oil a pedied, to 

which it is attached by an articulanon. //, Aehlamydeous fbmalu hower in the centre; tlio 
ova^ and Btyles supported on a long pedicel 

idg. 708.—Aehlamydeous mule tlowor sepaiatefl. liraet. j>^ PtHlIcel / Filament ai'ticu> 
lated with tlie ]>cdicel. a. Anther. 

Fig. 70!).—Female dower, p. Snmniit of the jMxilcel wlilcb Knp}>orts It r, A flattened ]Kirti(Mi 

the pedied, which some call a pciianth. o, Trlcoceous ovary. Styles and stigmas. 

Fig, 710.—One of the cikmu (camels), c, seiMirated, and seen on its inner surface. </« Tlie seed 
''iHiii across the opening by which the nourisliing vessels entei'. 

Fig. 711.—A coccus separated, after dehiscence and cxpulidon of the seed. 

Fig. Till—Seed sejiarated. 

Kijs. 713.-Seed cut vertically. /, Integument (s)K*rmodei*m). Purispenn (flesliy lUbuiiicit)* 

Embryo with flat cotyledons, and a sn^rior radicle. 



494 


EUPHOHBIACE^. 


18 species. There are about 192 known genera, and upwards of 
2600 species. Examples —^Euphorbia, Ilippoinane, Hura, Acalypha, 
Croton, Jatropha, Ricinus, Phyllantlius, Buxus. 

1015. The plants of this order arc acrid and poisonous. These 
properties reside especially in their milky juices, which are contained 
in laticiferous vessels (fig. 06), in which the movements of Cyclosis 
were observed by Schultz (If 262). In many cases the elaborated 
sap contains caoutchouc and resin. The acrid i)roperties of the order 
are also found in the seeds, many of which yield oils, both of a bland 
and of an irritating na,turc. 

1016. The milky juice of many species of Euplmlm' is caustic, and 
lias been used for destroying warts, and causing vesication. At other 
times the jidee has been used for its purgative and emetic properties. 
The root of EvpJurrbia Ipecacuanha has boon employed as a substitute for 
Ipecacuanha. The resinous substance called Euphorbium is procured, 
in all probability, from two African species. Euphorbia offidnarum and 
(mtujuorwm, as well as from E. canarimsis, a native of the Canary 
Islands. The resin is a powerful irritant, and has been used as a 
vesicant. It causes great irritation of the mucous membrane when 
applied to the nostrDs and eyes, and it acts as a cathartic when taken 
internally. Many species of Euphorbia yield resius of a similar nature. 
The juice of Uippamam Mancinella, Manchineel, is very acrid and 
poisonous. When applied to the skin, it excites violent infiammation, 
followed by ulceration. The juice of Hura crepitans. Sandbox-tree, 
or Monkey’s dinner-bell, is also veiy acrid. The fruit of this tree is 
composed of numerous 1 -seeded cocci, which, when dry, soparate from 
each other with great force. Mercurialk perenms, and annua, pro¬ 
duce vomiting and purging. 

1017. Many important medicinal oils arc ftimishcd by the plants 
of this order. Castor-oil is expressed from the seeds of Bicmm emn- 
mwms {Palma Ckristt), a plant with peltatc-psdmatc leaves (fig. 146), 
which is found native in Greece, AMca, and the East Indies, and is 
cultivated in the West Indies, as well as in North and South America. 
In the temperate and more northeni parts of Emope, tlie plant is a 
herbaceous annual of from tliree to eight feet high; in the more 
southern parts it becomes shrubby, and even attains a height of twenty 
feet; while in India it is often a tree thirty or forty feet high. The 
best oil is got by expression from the seeds without heat, and is called 
cold-drawn Castor-oiL It is entirely soluble in alcohol, and, by the 
action of hyponitrous acid, it is converted into a solid yellow substance 
called Palmm. The oil acts as a mild laxative. Besides this com¬ 
paratively bland oil, there exists in the seed a powerfully cathartic 
constitutent, which remains behind when the oil is expressed, and 
which is destroyed or evaporated imder the process of ebullition. 
Croton-oil is obtained by expression from the seeds of Groton TigUum, 
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iin Indian and Asiatic shrab. It acts as an irritant purgative in the 
dose of one drop. In large doses it is a dangerous poison. When 
applied externally it produces pustules. Other species of Croton, as 
6'. Pavcma and Jloxburghii, yield a purgative oiL The oil procured 
from the seeds of Euphorbia Lathyris, Caper-spurge, has cathartic 
])roperties, sind so has that proetired from the seeds of Jatropha Curcas 
{Curcaspurgam), Physic or Purging-nut, Jatrcpka mnltiJUki, and Hura 
ireintaiu<. The fatty matter obtained from the' seeds of Stiliugia sebi- 
J’era, the Tallow-tree of China, is used for making caudles; the plant 
also yields a bland oil. The roots of Euphorbia pilosa and palmtris 
jire used as purgatives, and are said to have been useful in hydrophobia. 

1018. Casca;^a is the bark of Croton Eleuteria, and of other species 
of Croton. It acts as a tonic and stimulant. Wljen burned it gives 
out a musky odour, and is often used in pastilles. The bark of another 
species of Croton (C. suberosus), is known by the name of Copalchi bark, 
iind used as a tonic. The bark of Buarus semjtereirens, Box-tree, is said 
to be alterative, and its leaves have bitter and purgative qualities. Its 
wood is much used flu wood-engraving. It is conjectured that the 
hard wood called African Teak, is the produce of a Euphorbhiceous 
tree. In the root of Janipha Manihot {Mamhot utilissima), a shrub 
about six feet high, extensively cultivated in tropical countries, there 
is much stai-chy matter deposited, usually along with a poisonous nar- 
>;otic substiuice, which is said to be hydrocyanic acid. The latter can be 
removed by washing, or it can be driven off by roasting, and then the 
starch is used in the form of Cassava breiid. There are two varieties 
of llu! Cassjiva or Manioc plant; one (called sometimes Jauipka Lw- 
jlbujii) having a spindle-sluiped root, brown externally, about six oimces 
in weight, wliich coutiiins amylaceous matter, vdthout any bitterness, 
and is used as food under the name of Sweet Cassava; another, called 
Bitter Cassiiva, having a knotty root, bhick externally, and sometimes 
:’>() lbs. in weight, which is bitter and poisonous, and requires to be 
nisped and washed thoroughly before the amylaceous matter can be 
used. From the starch of the Bitter Cassava, Tapioca is prepared by 
elutriatiou and granuhitiug on hot plates. Maniliot stiuch is some¬ 
times imported into Europe under the name of Brazilian Arrow-root, 
'fhe nulky sap of Euphorbia phosphorea, is said to emit a peculiar phos- 
]>horesccnt light. Tliat of Siphonia elastica contains much caoutchouc, 
and supplies the bottle India-rubber. Aleurites biocifera furnishes 
gum-lac in Ceylon. Crozephora tinoturia supplies a purple dye called 
Turnsole, which becomes blue on the adihtion of ammonia. The 
seeds of a few species of Aleurites, Ando, and Omphalea are edible. It 
is said that, in some instances, the elaborated sap has poisonous pro¬ 
perties, while the ascending sap is innocuous (If 263). A species of 
Ccclebogyne is. stated to have produced perfect seeds without the 
application of poUen (lf501). 
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1019. Order 16G.—Urttcacea, the N^e FamEy. {Apet. Dklin.) 
Flowers miisexufll (fig. 716), hermaphrodite or polygamous, scattered, 
or ooUected into calSdns or heads. Perianth usually divided (fig. 
716). •Stamens definite, inserted into the perianth; filaments some¬ 
times curved in sustivation (fig. 715). Ovary free (figs. 717, 718), 
rarely coherent, 1-2-celled; ovule soUtary, erect (fig. 718), or sus¬ 
pended ; stigmas 1 or 2, simple or bifid (fig. 718). Fruit an inde- 
hiscent nut, surrounded by the persistent pericarp, or a samara, or a 



syconus, or a sorosis (figs. 24.5, 240, 47.5). Seed solitary, erect, 
suspended, or pendulous, albuminous or cxalbuminous; embiyn 
strsught, or curved, or spiral; radicle superior (figs. 719, 720).— 


Fig. 714-72(1.—Organs i>f fmctiflcatlon of L'l+lca nrons, to illustnitc the iintuml order Urti 
eiioon:, setUon Urtlccsai. 

Fig. 714.—Bud of the male Sower, \iew(Mi from iilKn e. 

Fig. 716.-^moi) uiken from the M of the male flower, with the elasUe iiienn-ed (Uameiii, 
and the anther hent downi before dehiscence. 

Fig. 71(t—Male flower expanded, c, Perianth with four diviaiona p r c c. Four hVDOgvnour 
stamens, thrown hack by the olaaticiti' of tlie fllamcnls, with the imthers burst p r.^lmrtit c 
rudiment of the central pistil. ’ 

Fig. 717.-Femalo fltmer. c, Periaiitli with four unequal segments, the two exterior ones 
being very small, o, Unllocnlar ovaiy. a. Sessile stigma. 

Fig. 7ia— Hstll ent vertically, to allow the direction of the oroct ovule, o. p. I’ailetos of tlic 

Mg. 7W-S^ cut verHc^ly parallel to the cotyledona t, integnmeut {(qKrmoaenn). 
//.Hiluni. I'erisperm. «, fimbryo straight, ^ith the radicle suiwrior. ^ 

Hg. 72a.^H5d cut periiendlculorly to the cotyledona /, Integument, ft, Hilum. Peri- 
Mperm. e-a Embrj'a . o , 
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HerJ^ shrubs, or trees, with alternate, stipulate leaves, which are 
ususJly hispid or scabrous. This order has been divided into the fol¬ 
lowing suborders:— 

1. UrtioetE, True Nettles (figs. 714-720): rough-leaved plants, often with sting¬ 
ing hairs, filaments elastic, and curved in sestivation (fig. 715); foiit an in- 
d^iscent nut; seed erect, albuminous; embryo straight; juke wateiy. 
They are widely scattered over the globe, and many of them follow the 
footsteps of man in his migrations. 

o. Cannabinese, Uemp tribe: scabrous plants with erect filaments; fruit inde- 
hiscent; seed suspended, exalbnminous; embryo hooked or spiral; juice 
watery. They occur chiefly in temperate regions. 

3. Ulm^as, Elm tribe; rongh-loaved trees or shrubs; filaments erect in sesti- 
vation; firuit 1-2-eellod, samaroid or dnipaceous; seed pendulons, usually 
cxalbuminons; embryo straight or curved; juice watery. Natives of the 
northern and mountainous parts of Europe, Asia, and America, 
l. Morose, Mulberry tribe: usually rough-leaved trees or shrubs; filaments 
erect in aestivation; fruit a sorosis or syconus (figs. 246, 475); seed solitary, 
pendulous, albuminous; embryo hooked ; juice milky. Natives of tem¬ 
perate and tropical regions. 

;■). Artocarpenj, Bread-fruit tribe: trees or shrubs, with leaves often rough; 
filaments generally erect in icstivation; fruit often a serosis; seed erect or 
jicndulons, albuminous; embryo straight; juice milky. Natives of tropical 
regions. 

'niere arc between CO and 70 known goncni, and about 600 species. 
Rxawples —Urtica; Cannabis, Ilunmlus: Ulmits, Celtis; Moms, Ficus, 
Dnrstenia; Artocarpus, Antiaris. 

1020. 'Hie properties of the order are various. Many yield valu¬ 
able fibres, others supply iinporfcxnt edible fruits, others famish 
caoutchouc, and others form important forest trees. Various species 
■ if Urtica, Nettle, such as U. dmea, urem, iiilidifera, stimulam, crmmlata, 
•ind nrentissimu, have stinging hairs (fig. 86). The young shoots of 
the common nettle :ire sometimes used like spinach or greens. Urtica 
I'lamuiAm, and temwksmm luniish fibres fit for cordage. Bcehmerta 
iiti-eti supplies fibre for the Cliinesc grass-cloth, and Bcehm&ia Puya 
gix'es tlie Pooah or Puya fibre of Nepal and Sikkim. In Nettles 
:md Pellitories, the elastic filaments turn the anthers back with elas¬ 
ticity, and cause the scattering of the pollen (T 497). Specimens of 
IVee-nettle, Urtica gigantea, were measured by Backhouse in Aus¬ 
tralia, and found to be 18, 20, and 21 feet in circumference. Their 
sting is very severe, causing violent inflammation. Cannabis saiiva is 
the source of the vduable fibre called Hemp. A variety called Cem- 
itabis indica is used in India for producing intoxication. It is also 
employed medicinally in tbe form of extract, as an antispasmodic and 
anodyne, in cases of tetanus and neuralpa. The properties of tlie 
hemp plant appear to be much modified by climate. The Indian 
variety has a marked resinous varnish, called Chuirus, on its leaves. 
What is called Bhang in India, consists of the dried larger leaves and 
fruit, while Gunjah is tlxe whole plant dried after flowering, and the 

2 K 
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of. the Aiabs is TOmposed of the tops and tender parts of the 
plant dried. The strobili of tibe female plants of Humulm iMpulm 
constitute hops, the bitterness of which resides in the resinoTis glandu¬ 
lar Bcald^ surrounding the firuit, and to which the name of Lupulinic 
glands, or Lupulin, has been applied. The latter name is also given 
to the bitter principle of the hops. Hops are employed as a tonic and 
narcotic, in the form of extract, infiision, and tincture, "nieir tonic 
properties depend on their bitterness. A pillow stuffed with hops is 
a popular means of procuring sleep. The twigs of hops have been used 
to adulterate Sarsaparilla. Sevei^ species of Ehn are cultivated for 
timber. VJmua campestris, English or smaU-leavcd Elm, rarely pro¬ 
duces fruit in this coimtry. It often attains a height of 70 to 90 
feet, with a diameter of 4 to 5 feet. Its wood is compact and dur¬ 
able under water, and it has been used for sleepers on rmlways, 
and for wooden pavements. Its inner bark is bitter, mucUaginuus, 
and astringent. TJlmm nwntana, tlie Mountain, Wych, or Scotch Elm, 
produces fruit freely in this country, but its wood is inferior to that of 
the English Elm. CeUk, the Nettle-tree, or Sugar-berry, has a sweet 
drupaceous fruit. 

1021. The common Fig is the fruit of Ficus Carica. It consists of 
a succulent hollow receptacle, enclosing numerous single-setsdcd car¬ 
pels (fig. 246), and is called a syconus (If 558). The fruit is demul¬ 
cent and laxative, and is used for cataplasms. Many other species of 
Fkus yield edible fiuits. The plants belonging to the Fig tribe are 
generally remarkable for the adventitious roots which they send out 
from the stems. One of the most celebrated in this respect is Ficus 
incHca, the Banyan (•[ 121, 635). Many of the species can live sus¬ 
pended in the air for a long time. A specimen of Ficus australis has 
grown in tliis way in the Botanic Garden of Edinburgh for upwards 
of twenty years 217). Ficus {Urostigriun) religiosa is the Pipptd- 
tree, or Sacred Fig of India. F. elastica is an Indian tree which sup¬ 
plies a large quantity of caoutchouc; so also do Ficus Jladula, elliptica, 
and prinoides. Peculiar clusters of raphides are found in the cellular 
tissue of some of them (fig. 39). The milky juice is not in aU instances 
bland and innocuous; it occasionally has acrid qualities. Fims Syco- 
morus (Sycomorus antiquorum), is probably tlie Sycamore of the Bible, 
'* Ihe ntJpo of the Old Testament, and the avKo/^o^ia of the New. The 
wood of the tree is said to be very durable. Moms nigra supplies 
the common black Mulberry, which is an anthocarpous fiaiit, composed 
of n^erous succulent flowers, forming a sorosis (fig. 475). The Mul- 
is the auKiftim, or Sycamine-tree of the New Testament. Some 
jmve considered it as the trap® of the Old Testament. The white 
Mtllberiy, a less-esteemed finiit, is the produce of Morus alha. Both 
of«these mulberries arc subacid. Tlieir leaves are the favourite food 
of [^-worms. The root of the white Mulberry is anthelmintic. The 
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(03 of the Bible is the name of some tree or shrub, and it is doubt- 
fiiUy translated Mulberry-tree. Dorsterms have a slightly concave 
broad receptacle, lyearing numerous flowers (fig. 245). jD. CorvtrayervcL, 
V. Houstmii, and D. hrastlmsis furnish the Contraycrva-root of commerce. 
The officiiud part is the root-stock, which is used as a stimulant, tonic, 
and diaphoretic. Broussonetiapapyrifara is the Paper-mulberry, so called 
on account of being used in China and Japan in the manufacture of a 
kind of paper. It is called Crape-paper, and is prepared by pounding 
the bark, steeping it in water, tiien mixing it with glue, and taking it 
up with a mould of Bamboo-screen of the size required. The dye- 
wood called Fustic is the produce of Madura (Broussonetia) Unetoria. 

1022. The Artocarj)Us section is important as regards its uses. 
Artocarpus mcisa, the Bread-firuit tree, supplies an amylaceous fiuit,. 
which furnishes an abimdant supply of food in tropical countries. 
Tie properties of this tree are thus, eniunerated by Hooker;—The 
fruit serves for food; clothes are made from the fibres of the inner 
bark; the wood is used for building houses and making boats; the 
male catkins are employed as tinder; the leaves for table-cloths and 
for wrapping provisions in; and the viscid milky juice affords birdlime. 
A. integrifolia is the Jack or Jaca, the fruit of which attains a large 
size, sometimes weighing thirty pounds, and is inferior in quality to 
the Bread-fruit In both instances the fruit is a sorosis, consisting of 
numerous flowers on a common axis, wliich becomes succulent The 
milky juice of many of the Artocarpus tribe supplies caoutchouc, and 
in some instances it is used as a substitute for milk. This is the case 
with tlic juice of Galiictodendron utik (perhaps a species of Brosimum,) 
which is called Palo de Vaca, or the Cow-tree, in Demerara. While 
tlie juice of some is nutritive, that of otliers is highly poisonous. Tius, 
Antiaris to.cicaria is the source of the famous poison called Bohun- 
Upas, or Upas-Antiar, by the Javanese, and winch is said to owe its 
jiroperties to the presence of Strychnia. Another Upas poison, called 
Upas-Tcutf', has already been noticed under the order Loganiacete, as 
being the produce of a species of Strychnos. The wood of Piratinera 
guianensis (probably a species of Brosimum) is called Snake-wood, or 
Letter-wood in Demerara, and is used for articles of furniture. Speci¬ 
mens sent by Dr. Campbell from Demerara have been beautifully 
manufactured iu Scotland. Tie biu-k of Lepurandra saeddora (pro¬ 
bably a species of Antiaris) is used for forming sacks. Mr. N. B. 
Ward, in Ivondou, has one of these bags in his Museum, which has 
been formed by separating the bark entire from the wood throughout 
the whole extent, with the exception of a small portion at one end. 
The wood has then been removed from die interior, a part being 
left with the bark attached to form die bottom of die sack. The 
seeds of many of the Artocarpus tribe are eaten. Brosimum Alicas- 
trum yields bread-nuts, whidi, when boiled or roasted, are nutritious 
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and agreeable articles of food. Cecropia peltata is the Trumpet-wood, 
so called on account of the hollowness of its stem and branches, which 
are used for wind instruments. The fibrous bark of the tree is used 
for eordage. 

1023. Order 167.—CHratupbrUaccce, the Homwort Family. {Apei. 
Diclin.) Flowers unisexual Perianth inferior, 10-12-parted. Male 
flowers: Stamens 12-20; anthers sessile, bilocular. Female flowers: 
Ovary fi:ee, 1-celled; ovule solitary, pendulous, orthotropal; style 
filifonn, oblique; stigma simple. Fruit a 1-celled indehiscent nut, 
terminated by the hardened style. Seed solitary, pendulous, exalbu- 
minous; cotyledons 2, but apparently 4; radicle inferior.—^Aquatic 
submersed herbs, with verticUlate leaves cut into filiform lobes. They 
are found in ditches in various parts of Europe, Asia, and America. 
The affinities of tire order are atiU obscure. Some authors consider 
it as allied to Lythracete, others j;o Chenopodiaceas, while Lindley puts 
it in his Urtical alliance. Its properties are unimportant. There is 
only 1 genus, and about 6 species. Example —Ceratophyllum. 

1024. Order 168.—Podouemacefe, tlie Podostemon Family. (Apet. 
Monoclin.') Flowers naked, or witli a more or less perfect perianth, 
bursting through an irregularly-lacerated spatha. Stamens hypogj-- 
nous, definite or indefinite, distinct or monadelphous; anthers ditiiecal, 
with longitudinal dehiscence. Ovary free, 2-3-celled; ovules numer¬ 
ous, anatropal, attached to a fleshy centad placenta; styles or stigmas 
2 or 3. Fruit slightly pedicellate, capsular, 2-3-valved. Seeds 00; 
embryo exalbuminous, orthotropsd.—Herbaceous, branched, floating 
plants, with capillary, or linear, or lacerated, or minute and imbricated 
leaves. Natives chiefly of South Ameriai, and of the islands to the 
east of Africa. Little is known in regard to their properties. The 
affinities of the order are not well determined. Some authors put it 
among the Monocotyledons. There are 9 known genera, imd 25 
species, according to Lhidley. Examples —Podostemon, Lacis. 

1025. Order 169.—saiagiuaeete, the Stilago Family. {Apet. DkUn.) 
Flowers unisexual Perianth 2-3- or 5-partite. Male flowers: Sta¬ 
mens 2 or more, arising from a swollen receptacle; filaments capillary; 
anthers innate, 2-lobed, with a fleshy connective, and vertic^ cells 
opening transversely. Female flowers: Ovary free, 1-2-celled; ovules 
2, anatropal; stigma sessile, 3-5-toothed. Fruit drupaceous. Seed 
solitary, suspended; embryo in fleshy albumen; cotyledons leafy; 
radicle superior.—^Trees or shrubs, with alternate, stipulate leaves. 
Natives diiefly of the East Indies. Some yield edible fruits, others 
are used as potherbs. The position of this order in the natural system 
is obscure. Lindley places it in the Urtical alliance, others consider 
it as allied to Amentacese. There are 3 known genera, and about 20 
species. Examples —Stilago, Antidesma. 

1026. Order 170.-—nomimiacefe, the Monimia Family. {Apet. 
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Du:Kn.) Flowers unisexual. Perianth somewhat globose, in one or 
more rows, divided at the border. Male flowers; Stamens indefinite, 
covering Ihe whole interior of the perianth; filaments often with 2 
scales at the base; anthers dithec^ with longitudinal dehiscence. 
Female flowers: Ovaries several, superior, enclosed within the tube of 
the perianth, each with 1 style and 1 stigma; ovule solitary, pendu¬ 
lous, anatropal. Fruit consisting of several achsenia, enclosed within 
the enlarged perianth. Seeds pendulous; embryo at the end of copious 
fleshy alb^umcn; radicle superior.—Trees or shrubs, with opposite 
<ixstipulate leaves. They are natives chiefly of South America and 
Australia. The bsurk and leaves are aromatic and fingrant. The 
succulent fruit of some is eaten. There are 8 known genera, and 
about 40 species. Ex-amplm —^Monimia, Boldoa. 

1027. Order 171.—^Atheraapermaccie, the Plume-Nutmeg Family. 
(Ajr«t. DicUn.) Flowers unisexual. Perianth tubular, divided at the. 
top into several segments in 2 rows, the inner often petaloid, and 
accompMiied in the female flowers with a few scales. Male flowers: 
Stamens 00, inserted in the bottom of the perianth: fiL-unents with 
sciilcs at the base; anthers 2 cellcd, with valvular dcliiscence. Female 
flowers: Ovaries usually 00; ovule solitary, erect; style simple. Literal 
or basHar; stigmas simple. In some flowers, though rarely, stamens 
.and pistils ai-e found, and in that casi“ the stamens are fewer, and arise 
fiom the orifice of the perLinth. Fruit consisting of achainia, with 
persistent, ultimately feathery styles, enclosed within the tube of the 
jierianth. Seed solitary, erect; embryo small, at tlie base of soft 
fleshy albumen; radicle inferior.—^Trees, with opposite, exstipulate 
leaves, found in AiistriJia, and in some parts of South America. They 
;ire generally fragrant. Tliere are. 3 knoivn genera, and 4 species, 
aenording to landley. Examples —^Atlierospenna, Laurelia. 

1028. Order 172.—i.iiciMciiiae«ie, the Lacistema Family. {AjKt. 
Diclin.) Flowers jwlygamous. Periivnth in several narrow diadsions, 
civvered by an enUirgcd bract. Stamen 1, hypogynous; antlier having 
2 cells, ■which are separated by a thick 2-lobed connective, and which 
dehisce transversely. Disk fleshy. Ovary superior, 1 -celled; o-vules 
several, anatropal, attached to 2-3 parietal placentas; stigmas 2-3, 
nefffly sessile. Fruit a unilocular, 2-3-valved capsule, ■with loculicidtil 
dehiscence. Seed usually, by abortion, solitary, suspended, •with a 
fleshy ariUus; sjiermoderm crustaceous; embryo in fleshy albumen; 
cotyledons flat; radicle cylindrical, superior.—Small trees or shrubs, 
■wii,h simple, alternate, exstipulate leaves, and amentaceous flowers. 
'Plioy are natives of the wann parts of America. Their properties are 
unknown. There are 2 genera, and 6 species. EkeampU —Lacistema. 

1029. Order 173.—CWoraBthaceiw, the Chloranthns Family. 
(AcMamyd. Momclin. or DicUn.') Flowers bisexual orimisnxual, ■witli 
a supporting scale. PerLinth 0. Stamens definite, lateral, and if 
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more than 1, connate; anthers monothecal, with longitudinal dehis¬ 
cence, each adnate to a fleshj connective. Oraxy unilocular; ovule 
solitary, pendulous, orthotropal; stigma sessite, simple. Fruit dnipa- 
ceoTiB, mdeViiscent. Seed penduloiis embryo minute, at tbe apex of 
tiesby albumen •, cotyledons divaricate *, radicle inferior, remote fiom 
the hilum.—^Herbs or undershrubs, with jointed stems, opposite, sim¬ 
ple, stipulate leaves, sheathing petioles, and spiked flowers. Natives 
of the warm regions of India and America. Some of them as Cfdo- 
ranthus offidnaUs, are aromatic and fragrant, and have been used as 
stimulants and tonics. There are 3 known genera, and 15 ^edes. 
Example —Chloranthus. 

1030. Order 174.—SaBrumcrae, the lizard’s-taul Family. {Achla- 
myd.) Flowers bisexual. Perianth 0, a scale or bract supporting the 
flowers. Stamens 3-6, clavate, hypogynous, persistent; filaments 
slender; anthers 2-celled, continuous with the filament, with a thick 
connective separating the lobes, dehiscence longitudinal. Ovaries 
3-4, distinct, with 1 ascending ortliotropal ovule, and a sessile recurved 
stigma, or united so as to form a 3-4-celled pistil, with several ovules 
and 3-4 stigmas. Fruit either consisting of 4 fleshy indchiscent nuts, 
or a 1-3-4-celled capsule, dehiscing at the ape.x, and containing a few 
ascending seeds. Seeds with a membranous spermoderm; embryo 
minute, lying in a fleshy viteUus, outside of hiiiri mealy albumen at 
the apex of the seed.—^Herbs growing in marshy places, with alternate, 
stipulate leaves, and spiked flowers. Natives of North America, India, 
and China Their properties are said to be acrid. There are 4 
known genera, according to Lindley, and 7 species. Exanqdes — 
Saururus, Houttuynia. 

1031. Order 175.—piperaceie, the Pepper Fanuly. {Achlamyd.') 
Flowers g . Perianth 0, flowers supported on a bract. Stamens 2- 
3-6, arranged on one side or all round the ovary; anthers 1- or 2- 
celled, with or without a fleshy connective; poUen roundish, smooth. 
Ovary solitary, free, l-ceUed; ovule solitary, erect, orthotropal; stigma 
simple, sessile, rather oblique. Fruit somcwliat fleshy, indchiscent, 
unilocular. Seed erect; embryo in a fleshy vitellus outside the albu¬ 
men, and at the apex of the seed.—Shrubs or herbs, with articulated 
stems, leaves opposite (sometimes alternate by abortion of one of the 
pair of leaves), or verticUlate, exstipulate or stipulate, and spiked or 
racemose flowers. Natives of the hottest quarters of the globe. 
Common in South America and India. The wood is often arranged 
in wedges, with medullary rays, but without concentric zones. There 
are 21 known genera, and upwards of 600 species. Examples — 
Piper, Artanthe, Peperomia. 

1032. The plants of the order have pungent, acrid, and aromatic 
properties^ Most of them contain an acrid resin, and a crystalline 
principle (SBled Piperin, in which their active qualities reside. Some 
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are narcotic and astringent. The dried fruiting spikes of Pip&r longum, 
an Indian creeper, constitute Long-pepper. Of late, however, the 
genus Piper has been subdivided, and this kind of pepper has been 
referred to various species of a new genus, Chavka, viz. C. peepuloides, 
Roxbwrghii, and officimrum. The dried unripe fruit (drupes) of Piper 
nigrum constitute Black-pepper, a climbing plant common in the East 
Indies. 'Die ripe fruit, when deprived of its outer fleshy covering by 
washing, forms the White-pepper of the shops. These peppers are 
hot aromatic condiments, and they arc used medicinally as tonic, 
stimulant, febrifuge, and stomachic. The fruit of Piper Cubeba 
{Cvheba offldualis), a climbing plant of Java and other Indian islands, 
is the medicinal Cubeb-pepper, which is used extensively in arresting 
discharges from mucous membranes. It contains a resin, a volatile 
oil which is very active, and a peculiar principle called Cubebin. 
The substance (Killed Matico or Matica, consists of the leaves and 
unripe fruit of Piper angustifolium {ArlomPie elmgata). It possesses 
aromatic, fragrant, and astringent quahties. It has been particularly 
recommended for checking hajmorrhage, a property which seems, in 
jiart, to be a mechanical one, depending on the structure of the leaf, 
which also abounds in tannin. The root of Piper methysticum is the 
Kava of the South Sea Islanders, which is used by &om for pre¬ 
paring a stimuLating beverage. The leaf of Betel-pepper {Piper Belle) 
is chewed with the Arcca nut in the East, sk a means of intoxication. 

1033. Order 170.—Amcntaccfe, the Catkin-bearing Family. (Dk- 
lin.) Flowers unisexual. Male flowers (fig. 721) capitate or in catkins 
(amenta), (fig. 238,) sometimes witli a membranous perianth. Female 
flowers clustered, solitary (fig. 722), or in catkins. Stamens varying 
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from 1 to 20, distinct (fig. 721) or monadelphous; anthers dithecal (fig. 
721). Ovary usually simple (fig. 723 o); stigmas 1 or more (fig. 723 s). 

FIga. 721-727.—OiTfans of fractiiilcaiion of Corylus AvGUtuia, the H^elt to illustmte tiie nattiTal 
order Amcntaccas, s^tion CupuUfene. 

fig. 7:M.—Male flower sei>arated from the catkin (amentum), e, Scale or bract bearing the 
atomems, a, with their dithecal anthoni. 

J^. 722.—Female flowcar,^, in a very young atatc, with its involucre, i ^ 

Fig. 723.—Female flower more advanced, s Involucre opened to ahow tl^Bvary, o, covered 
b}' me periantlL c. a, Two stylea 
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Fruit membranous or bony, or drupaceous, indehisoent (fig. 726) or 
dehiscent. Seeds solitary or numerous, erect or pendulous (fig. 724), 
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usually exalbuminous; embryo straight or curved; radicle mostly su¬ 
perior (fig. 727).—^Trees or shrubs, witli alternate, stipulate, or exsti- 
pulate leaves. Natives chiefly of temperate climates. The order has 
been divided into the following suborders:— 

1. SalicinesQ, the Willow tribe: flowers naked, or with a membranous cup-like 
calyx; ovules 00, erect, anatropal; fruit naked, coriaceous, unilocular, 2- 
valved; seeds comose; embryo erect; radicle inferior; leaves stipulate. 
Found in woods in temperate and cold regions. 

2. Myricea:, the Gale tribe: achlamydeOus flowers; stamens 2-8 in the axil of a 
scale; ovary 1-celled, with hypogynous scales; ovule solitary, erect, ortho- 
tropai; fruit drupaceous, often with a waxy secretion, and with fleshy ad¬ 
herent scales; r^icle superior. Natives both of temperate and tropical 
regions, and found in North and South America, in India, and at the Cape 
of Good Hope. 

3. Casnarinea!, the Beef-wood tribe: flowers with bracts; stamen 1: ovary I- 

celled; ovules 1-2; fruit consisting of winged oclucnia, collected into a cone; 
seed erect; radicle superior. Australian trees or shrubs, with fUifomi 
branches, bearing membranous toothed sheaths in place of leaves. 

4. Betulinese, the Birch tribe: flowers with bracts, which are sometimes vorti- 

cillate; ovary 2-celled; ovules solitary, pendulous, anatropal; fruit mem¬ 
branous, indehiscent, forming a sort of cone; seeds pendulous; radicle 
superior; leaves with deciduous stipules. Natives of temperate and cold 
regions in Europe, Asia, and America, and extending to arctic and antarc¬ 
tic regions. 

5. Balsamacetc (Altingiacete), the Liquidambar tribe: flowers with verticillate 

bracts or minute scales; anthers numerous; ovary 2-ceiled; ovules 00, am- 
phitropal; fruit consisting of 2-celled capsules, united together so as to form 
a hard cone; seeds usnaUy numerous, winged, albuminous; radicle superior; 
leaves stipulate. Balsamie trees, natives of tropical and warm regions. 

6. Flatanem, the Plane tribe: flowers in globose catMns; stamen 1, with sc^es; 

ovary 1-celled; style thick and subulate; ovules solitary or in pairs; sus¬ 
pended, orthotropal; fruit consisting of compressed clavate nuts, terminated 
by a recurved style; seeds 1-2, pendulous, albuminous; radirie inferior; 
leaves palmate or toothed, and stipulate. Natives chiefly of temperate 
regions. 

Fig. 724.—Female flower cut longltuilinaUy, to show the two loculomeuts with ii pendulous 
ovule in each. 

Fig. 728.—Female flower more advanced, c, Periautli. s, Stylea 
Fig. 726.—Blpe fruit./, enveloped in its involacie or bracts, L 

Fig. 727.—Seed separated, t. Integument, half of which is removed to show the exalhmninoui! 
embryo, e. r, Superior radicle. 
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7. Capiliferffi (Corylaceffi), the Nut tribe: flowers amentaceous ^fig. 238) or 
aggregate; stamens 5-20, attached to scales (flg. 721) or a penanth; ovary 
surrounded by a coriaceous involucre (cupula), crowned by the remains of 
a persistent perianth (figs. 723,725), mnltilocular; ovules 2 or 1, pendulous; 
fruit a gians (figs. 257, 726); seed usually solitary; radicle superior (fig. 
727); leaves stipulate, often feather-veined (fig._l 34). Natives of temperate 
regions chiefly. Some extend to warm countries. 

This extensive Amenta! alliance, with which perhaps the next c>rdpr 
should be incorporated, embraces 18 known genera, and 600 species. 
The suborders are by some considered as separate orders, and placed 
in various parts of their system of alliances. Examples —Salix, Popu- 
lus; Myrica; Casuarina; Betuhi, Alnus; LiquidWbar; Platanu.*; 
Corylus, Fagus, Castanea, Quercus. 

1034. The Amentaceous order contains trees whidi yield valuable 
timber, and are extensively cultivated. Many have bitter, tonic, and 
astringent qualities. Borne yield resinous and balsamic fluids; and 
the seeds of some arc used as articles of food. The bark of many 
species of Willow, such as Salic Cap-im, alba, Ensselliana, fraf/ilis, 
pentandra, vitelMm, purjmrea^ :ind Helix, yields a neutral crystallino 
bitter substance called Salaciu, which is employed as a febrifuge and 
tonic. The biirk also possesses astringent qualities from the presence 
of tannin. Salicin iissumes a carmine-red tint when moistened with a 
few drops of concentrated sidphuric acid. Various specie.s of Willows 
(osiers) are used for basket-making, while others are employed in 
f<)rming cliarcoaL SaMx- hahyUmka is the Weeping-willow. Its spcicifie 
name is founded on the suppo.sition, that it was the species on which 
the Israelites lianged their liarps by the waters of Babylon. Tlie word 
aw in the Bible is doubtfully translated Willow. Populus alba Ls com¬ 
monly called the Abcle, while P. tremula is the Aspen, and P. fasti- 
'jhta and dilaiata. the Ix)mbardy Poplar. The buds of Populus mgra 
and baJsaimfera are covered with a resinous exudation, to which the 
luune of Tacamahac lias been given. The leaves and bark of some. 
Poplars secrete a saccharine substance. SaUx arctica and poUtik 
extend to the arctic regions, and form the most northern woody plants. 
Sfdix heninwea, a small creeping Willow, occurs abundantly on the 
Bcotch mountains. Tlie downy matter surrounding the seeds of Pop¬ 
lars and WiUowrs, is used for stuffing pUlows and cushions, as well as 
<br the manufacture of a kind of paper. 

1035. The species of Myrica are aromatic, and yield resinous and 
oily matter. Myrica Gale is the Gale or Scotch Myrtle, whidi is com¬ 
mon in marshy grounds and damp heaths in Britain. The fruit of 
Myrica ceriferct, called Wax Myrtle, or Bay Myrtle, or Candlebeny, 
yields a greenish-coloured wax, which is used for candles. The 
‘Irupaeeous fruit of some Myricas is eaten. The leaves of CompUmin 
mpUnifoUa, Sweet Fern, are found by Mr. Murchison to contain pecu¬ 
liar glands. Kesinous matter is also procured from sevei-al species of 
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Liquidambar, and is known by the name of Liquid Storax. Liquul- 
cmAar styradjlua, orientale, and AlUngia, axe said to be the chief 
sources of this resin or balsam, containing benzoic acid. The species 
of Casuarina (Cassowary-tree) yield excellent timber, called Beef- 
wood from its having some resemblance to raw beef. What is called 
the She-oak in Australiji, is C. quadrivalvis. In the integument of the 
seeds of Gcmarinas there are numerous spiral cells. 

1036. The species of Betula, Birch, have astringent and resinous 
barks. The oil from the bark of the common Birch {Betida alba and 
glutinosci) gives the peculiar odour to Russia leather. In North 
America the bark of the Canoe Birch {BeMa papijracea) is used for 
making boats, A saccharine matter exists in the sap of the Birch. 
Betula hnta is the Black Birch of America, and is called Moimtain 
Mahogany on account of the beauty and hardness of its timber. Alnus 
glvtimsa, common Alder, grows well on tlie muddy ground on the 
banks of rivers. Platanus onetiixdis, the Oriental Plane, has broad 
palmate leaves, resembling the Sycamore which is often erroneously 
called the Plane in Scotland. Some say that this is the Sycamore of the 
ancients. Platanus occidentals, another species of Plane, is also culti¬ 
vated as a showy tree. 

1037. The Hazel-nut, with its involucral appendage, is the produce 
of Corylus Avellana. Tlie bark of Quercus j^wiculata (Bohur), the 
common Oak, contains much tannin, and is used as an astringent. 
Another British species, Q. sesdlifiora, having scssUe fimit, is said to 
yield the best timber. It is said tliat, in the wood of (I- pedmusulata, 
there are numerous medullary rays (silver-grain), (fig. 99), while in 
that of Q. sessUifiora, Durmast, there are scarcely any visible. There is 
some doubt as to the existence of more than one species in Britain, and 
no permanent characters have been established. Babington mentions 
three species. It has been stated tliat 2000 well-grown oaks, eqrial to 
3000 loads of timber, are required to build a seventy-four gun ship. 
The acorns of Quercus uBgibips, Valonia or Balonia Oak, under the 
name of Velonia, are used by dyers. Oaks are liable to the attacks 
of insects, whose punctures give rise to the formation of gaUs. Ihese 
excrescences occur on the buds, bark, and leaves. The medicinal 
galls are the produce of Quercus infeetoria, a native of Asia Minor, and 
the best are imported from Aleppo. They are caused by pimctures 
from the ovipositor of the Diplolcpis (Cynips) GallsE-tinctorum. Blue 
galls are. those which still contain the young insect in their interior, 
while white gaUs are those firam which it has escaped. In medicine 
they are employed as powerful astringents, and in the arts they are 
used fr>r dyeing, tanning, and forming ink. The bark (Epiphloeum) of 
Quercus Sober constitutes cork (fig. 100). The bark of Quercus tme- 
torm is called Quercitron, and yields a yellow dye. Quercus Hex, 
Evergreen Oak, is commonly cidtivated in gardens. The Oak, mu 
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of the Bible, is said by some to be Qwercits Grammuntia. The Beech- 
tree (Fagus sglvatica), the Hom-beam {Garpinus Betulus), and the 
Spanish Chestnut (Castanea vesca), belong to the Cupuliferous section 
of this order. Fc^pig Farsteri is the Evergreen Beech of South 
America, found at Terra del Fuego. A species of Beech {F. antarctica) 
is found in the antarctic regions. 

1038. Order 177.—JngiBiiiiaGete, the Walnut Family. (Apet. 
Dielm.) Flowers unisexual. Male flowers amentaceoms: Periantlj 
membranous, oblique, irregularly-lobed, with a scaly bract. Stamens 
definite or 00; fil^cnts short, free; anthers dithec^, erect. Female 
flowers in terminal clusters, or in loose racemes, with separate or 
united bracts: Perianth single or double, the outer 3-5-parted, inner, 
when present, in minute separate pieces. Ovary adherent to the peri¬ 
anth, 1-celled; ovule solitary, erect, orthotropal; styles 1-2, veiy 
short; stigmas 2-4, fringed or sessile discoid and 4-lobed. Fruit a 
drupe, sometimes with an adherent involucre; endocarp bony, 2-valved 
or valveless, 2-4-celled at the base, and 1-celled at the apex, with 
partial dissepiments. Seed exalbuminous, 2-4-lobed, with a mem- 
bmnaceous testa; embryo large; cotyledons fleshy, oily and sinuous; 
radicle superior.—^Trees with ^temate, pinnated leaves, having neither 
dots nor stipules. Tliey are chiefly natives of Nortli America. There 
arc 4 genera, according to lindley, and 27 species. ExampUis —Jug- 
lans, Caryji. 

1039. While the plants belonging to this order yield edible oily 
nuts, their bark is olfen acrid, and there* is frequently bitterness and 
Jistringency in tlie coverings of their fniit and seed. The seeds of 
Jvgkm regia, common Walnut, yield a bland oU, which may be used 
as a substitute for olive-oU. Canja alba yields the American Hickory- 
nut. Purgative and resinous properties prevail in some of the plants, 
llie timber of many of the trees is valuable. That of the Black Wal¬ 
nut (Juglans nigra) has a fine dark-brown colour when polished. 

1040. Order 178.—Gsriraeete, the Garrya Family. (Apet. Diclin.) 
Flowers unisexual, amentaceoxis. Male flowers: Perianth of 4 parts. 
Stamens 4, alternate with the segments of the perianth. Female 
flowers: Perianth superior, 2-toothed. Ovary unilocular; ovules 2, 
jHaidulous on short ftmiciili; styles 2. Fruit baccate, indehiscent. 
Seeds 2; embryo minute, at the base of fleshy albumen.—North 
American shrubs, with opposite, exstipulate leaves. The male plants 
of Garrga elUptica are commonly cultivated in shrubberies, and are 
prized for tlieir peculiar silky catkins. Lindley associates with this 
order the Helwingiacete, which agree in their unisexual flowers, adhe¬ 
rent fruit, pendulous ovules, minute embryo, at the base of solid 
albumen. There are 2 known genera, and 6 species. Example — 
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Section B. — G'jimnospermce.* 


1041. Monochlamydcoiis or Aclilamydeous plants, with an Exoffp- 
nous structure as regards their stems and organs of vegetation, but 
differing from Exogens in liaving naked ovules, which are fertilized In- 
the direct application of the poUen to the foramen, wthout the inter¬ 
vention of stigma, style, and ovary. Their woody tissue is marked by 
the presence of disks (figs. 47, 48, 808). They are included in Luid- 
ley’s class of Gymnogens, and Endlichcr’s Gynmospermous dhnsion of 
Acramphibrya. 


1042. Order 179.— Conirenc, the Cone-bearing Fiunily. 

JJtcb'n.) It includes the orders Pinaceai, Taxacea*, and Gnetaceae of 
Lindley. Flowers unisexual Male flowers monandrous or monade.l- 
phous: Stamens collected in a deciduous amentum, about a common 
rachis (fig. 728); anthers 1-2 or many-lobed, with longitudinal dehis¬ 
cence, often terminated by a setdy crest (fig. 729). Femide flowcTs 
in cones (fig. 730), sometimes solitary: Ovary nouc, its pkiee being 
supplied by the flat scales of the cones, arismg from the uxil of 
membranous bratrts (fig. 731); ovules nalced, usually in pairs on the 
face of the scales (figs. 731, 732 o o), inverted or erect; style 0; 
stigma 0. Fruit a cone (figs. 201, 476, 477), or a solibiry naked 



seed (fig. 442). Seed with a hard erustaeeous iutegument, sometinies 
winged (fig. 733); embryo in the midst of fleshy oily iUbumeu (fig. 
734); sometimes more than one embryo; cotyledons 2, or mimy .an<l 


* TofA»o(^ nnkccl, and sned. 

Figs. 72K-784*—Organs of fructification of Plnus sylvestris, Scoteli Hr, to Illustrate the iintiii'ul 
iH^er CoTiifeim 

Fig. 728.—Collection of nwUo catkins, c, dnstcred round a common axis. /, Leaves. Ter- 
minal ^uda, with young leaves and scaly shcutlis. 

tig. 729,—Male flower, or the two-lobed anther, sepamted. 

Fig. 7JM).—Three coUe^ons of female flowei's, or young cones, c, at the extromity of a brauen. 

Fig. 781.—A scale detached from one of these ycning cones, uml seen on the exterior. />, 
d, SeiJe. o 0 , Summit of the naked ovulea 
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verticillate (fig. 734); radicle next the apex of the seed, organically 
connected with the ^bumen.—^Trees or shrabs, with branched, usually 
resinous trunks, the wood marked with circular disks (figs. 47,48, 808), 
the leaves usually narrow, rigid or acerose, entire (fig. 147), sometimes 
fascicled, and with a scaly sheath at their base (fig. 728 h). They are 
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fouJid in various parts of the world, both m cold and hot regions. They 
abound in the temperate regions of Europe and America, and many 
occur in Australasia. Four genera of Conif'eraj, A ramaiia, PhyUocladus, 
Hicrucachys, and Ai'tliroUa^'s, are peculiiir to the southern hemisphere. 
Tlie following attain their maximum to the south of the tropics,— Cal- 
Utris, Podocaijms, and Daciydiwu. Dmmnaru has one species in each 
heiuisphcre. 

1043. The order is a very extensive one, and luis been divided into 
the following suborders:— 

1. Abietineis, the Fir and Spruce trn)e: fertile flowers in cones, with 1 or 2 
inverted ovnlcs at the base of each scale; embryo in the axis of fleshy and 
oily albumen, di- or poly-cotyledonons. Under this tribe are indud^ the 
following sections and sub-sections:— 

A. Scales 2-scedcd, seeds adnato to the scale, and at length separating 
from it; anthers bilocular. 

a. Scales with a thickened apophysis, which is either entire or dimidiate. 

Pilots^ —Leaves in twos, threes, fours, or fives. 
h. Scales without an apophysis. 

• Leaves solitary. 

Abies. —Scales deciduous, leaves flat. 

IHcea .—Scales persistent, leaves tetragonous. 

Tstiga. —Scales persistent, loaves flat. 

* * Loaves fasciculated. 


tiS. 732.—Sciili! of a yonuf! cone seen on the Inside, e. The scale, f. The point hy which it is 
attached to the axis of the cone, o o. The two naked inverted ovidea m, TlietT upper opening 
or foramen to which tile pollen is appiied. Tlie foramen vras fomieriy deacribod ecroneondy as a 
stigma. 

Fig. 733.—A scaie ftom a mature cone, c. The scale t, Point of insertion. <j, One of the 
" ingod seed^ the other having hoeu removed. 

Fig. 734.—The seed cut lonptndinally. <l Base of the wing, t. Integument p, Perisperm 
talbumen), e, Ptdycotyledonous cmbrj'o. Near the radicle arc the remains of two other abortive 
ciubyros. 
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Larir .—^Leaves flat, aimiiaL 

Cedrua. —Leaves tetragonous, perennial. 

B. Scales 1-seeded, seed adnate to the scale, and not separating from it, 
anthers tnultilocular. 

Araucaria {Eutassa and Altingia). 

C. Scales 1 - or znany-seeded, seeds free, anthers hi- tri- or mnlti-locular. 

Eammara.—Anthers mnltilocular. 

Cunninghamia _Anthers trilocular. 

Arthrotaxis _^Anthers bilocular. 

2. Cupressinesc, the Cypress tribe: ovules erect; fruit an indurated cone (fig. 

477), or fleshy, witli the scales connected, forming a gulbnlus (fig. 478) 
embryo di- or poly-cotyledonous. Examples —Cupressus, Junipems,! 
Thuya, Taxodium, Ciyptomcria, Callitris. 

3. Taxincie, the Yew tribe; anthers usually bilocular, with longitudinal dehis¬ 

cence : fertile flowers, solitary, terminal; ovule solitaiy, sessile in the cen¬ 
tre of a fleshy disk, when in fruit forming a sort of drupe (fig. 442); embryo 
dicotyledonous. Examples —^Taxus, Podocarpus, Dacrydium, Phyllucladus, 
Salisburia. 

4. Gnetocetc, the .Toint-fir tribe: male flowers with a perianth, anthers uni- or 

quadri-locular, opening by a short cleft; ovules with a projecting process 
formed from the intimate covering of the nucleus; seed solitary; embryo 
with a long spirally-twisted funiculus; stems jointed; zones of wood, often 
separated by marked ceUniar circles (fig. 104). Examples —Gnctnm, Ephedra. 

The order embraces 31 known genera, and 1G5 sjzecies, according to 
Lindley. Zuccarini enumerates 208 species of Conifei^e,—^in the nor¬ 
thern hemisphere, 1(5.5, and in the southern, 51; some species being 
common to both henusphercs, 

1044. The plants of tliis order furnish valuable timber, and yield 
various important products, such as turpentine, pitch, and resin. The 
various kinds of Pine, Fir, Spruce, and Cedar, belong to this family. 
Evtmsa {Araucaria) exccka is the Norfolk-island Pine, famed for its 
size and for its wood. Cedrus Lihani is the Cediir of Lebanon, the 
of the Bible, while Cedrus Deodara is the Deodar or Himalayan Cedar. 
By exudation, and partly by the aid of heat, the plants of this order 
yield various kinds of tuT|>entine, resin, tar, and pitch. Common 
turpentine is procured irom Pinus sglvesiris, the Scotch Fir, Firms 
Pinaster, the Cluster Pine, and var. nuuritima, Bourdeaux Pine, Pinus 
palustris, Swamp Pine, and Pinus Tarda, Frankincense Pine. Oil 
of turpentine is obtained from it by distillation. Venice tiupentine 
and Strasburg turpentine are the produce of Abies Picea {Abies or 
Pkea pectinata), the Silver Fir, .and Jjarix europcea, the Larch; wHle 
Canada Balsam is collected from Abies or Picea balsamea, Balm of 
Gilead Fir, and A. canadensis, Hemlock Spruce. Eammara australis, 
the Kawrie-trec of New Zealand, yields a hard resin, and so docs E- 
oriaUaUs, the Amboyna Pitch-tree. Callitris quadrivalvis {Thuya 
articulatd), the Arar-trec, supplies a solid resin called Sandarach or 
Pounce, which is used to strew over manuscripts. Thus, or Common 
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Frankincense, and Burgundy-pitch, are yielded by Ahks exeelsa, Norway 
Spruce Fir. Pinus Purmtio jpvra Hungarian balsam, Pitms pinea, the 
Stone Pine, is the source of Carpathian balsam. Essence of Spruce, used 
in making Spruce-beer, is got by boiling in water the leaves of the ^tch 
Fir (Pinus sylvestris), the Black Spruce (Ahks nigra), and other 
sjiecies. A kind of Manna is procured from the Larch and from the 
Cedar of Lebanon. Tlie Bark-bread of the Norwegians is prepared 
from the inner bark of Pinus si/lvest?-is. These various kinds of resin 
and pitch are used fbr stimulating and healing plasters, while the oil 
of turpentine (oleum terebinthina) is employed medicinally as a stimu¬ 
lant, diuretic, cathartic, and anthelmintic^ Tlie vapour of tar has been 
recommended in affections of the cheffi The succulent cones (fig. 
478) (commonly called berries) of Juniperiis communis, Common 
Juniper, and the oil procured from them, are used medicinally as 
diuretics. Tlie oil enters into the composition of the spirituous liquor 
called Hollands. Tlie young branches and leaves of Juniperus Sabina, 
Savin, contain an active volatile oil, which is used as an anthelmintic 
and emmenagogue. In large doses it acts as a violent irritant poison. 
The wood of Junipci-us Bemmdiana furnishes Pencil Cedar. J. 
Virginiana, the Eed Cedar, yields a nibetiicient oU. Thuya occi- 
dcntalk is the common Ai'bor-vitas of giirdcns. Thuya orientalis is 
.also in cultivation. Cujiressus semi>ervirens, common Cypress, yields a 
durable wood, which is supposed to l>e the Gopher-wood, up of the 
Bible. Podoempus ToUtrra and Jiacrydium taxifolium, both supply 
good timber in Nc%v Zcahuid. Taxus harcata, the Yew, is a valuable 
timber tree. It yidds resin, and its leaves and seeds are said to be 
narcoUco-acrid. Salkhuria has remarkable cuneate leaves, and tlie fruit 
of S. adiautifulia, the Ginko, Ls siud to be eatable. Gnetum tirens has 
singular stinging hail's within the cpispemi or outer integument of 
the seed. 

1045. Order 180.—Crendacere, the Cycas Family. (Achkmyd. 
THclin.) Flowers miisexual. Males collected into cones, the stales 
bearing on their lower surface 1-celled tuithers, which are united 
often in sets of two, three, or four. Females consisting of naked 
ovules, placed at the base of fiat scales, or beneath peltate ones, or 
seated on the margins of altered hsaves. Seeds bard and nut-like, 
sometimes with an external spongy coat; embryos 1 or 2, suspended 
in a eenti'id cavity; albumen fleshy or mealy; cotyledons rmequal; 
radicle superior, having a long cord-like prolongatiou by which the 
embryo is suspended.—^Trecs or slinibs, with cylindrical trunks, 
usually simple, sometimes dichotomous, marked with the scars of the 
leaves, and in many respects having the aspect of Palms (fig. 817). The 
internal structure is more or less distinctly that of dicotyledons. Pitted 
tissue and spiral vessels occur. The leaves arc pinnate, and their ver¬ 
nation is circinate, thus resembling ferns. The plants of this order are 
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found in the temperate and yrarm regions of America, and Asia, as well 
as at the Cape of Grood Hope. There are 6 genera, according to Lind- 
ley, and 45 species. Examples —Cycas (fig. 817), Zamia (fig. 818). 

1046. The Cycadaceous fiunily yields much starchy matter, along 
with mudlage. From the stems of Cycas revoluta and eircmalis, a 
land of Sago is made. A cl^ insipid mucilage also exudes fironr 

hem, which hardens into a transparent gum resembling tragacanth. 
Zamia pmtUa, and other species in the West Indies, supply an amy¬ 
laceous matter which has been sold as Arrow-root lie Bread-tree 
is a name applied by the Hottentots to various species of Encephahrtos. 

CI.ASS IL— MOMOCOXYMa)ONES, Mus. EltOOGBN.<E, DC, Ehdookhs add Dic- 
TYooEit^ Lmdl. Aui'Hibrya, Eadl. 

1047. In this great class the plants have a cellidar and vascular 
^stem, the latter consisting partly of elastic spiral vessels (fig. 51). 
The woody stem (as in Pahns, fig. 115, 1) is usually more or less 
cylindrical, simple, and rmbranched. There is no true separable bark, 
no concentric zones, and no true pith (figs. 112, 113). The wood is 
endogenous, i.e. increases by additions, which first tend towards the 
centre, and then curved outwards in an interlacing manner (fig. 114, 2) 
towards the circumference, where much hiud figneous matter is de¬ 
posited, so as to make the exterior the hardest part (figs. 826, 827). 
The development of the stem usually takes place by a single central and 
terminal bud; occasionally lateral buds are produced (fig. 115, 2), and 
at times the stem is hollow. The leaves are parallel-veined (figs. 135, 
173, 194), except in the subclass Dictyogens, where a kind of reticula¬ 
tion is visible. The parts of the flower are arranged in a ternary man¬ 
ner (fig. 538), and they are often petaloid (fig. 260), sometimes scaly or 
glumaceous. The ovules are contained in an ovary, and arc fertilized 
by lie application of the poUen to the stigma The embryo has one 
cotyledon (fig. 504), and the germination is endorhizal (fig. 527). 

Subclass 1 .—^Dictvooena!.* 

1048. Leaves reticulated, often articulated with the stem, branches 
liaving the usual structure of Endogens, rhizomes or undergroimd 
stmns having the woody matter disposed in a compact circle, or in 
wedges containing central cellular tissue, and often showing medullary 
processes. 

1049. Order 181.—Dioacoreaceie. the Yam Tribe. (Mono-epigyn.) 
Flowera unisexual. Perianth in 6 divisions, adherent. S . Stamens 6, 
inserted into the base of the perianth; anthers introrae, with lon^tu- 
dinal dehiscence. ?. Ovary inferior, S-oeUed; ovules 1-2, anatropal; 

a net, and ymAuvt to produce. 
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style bifid; stigmas undivided. Fruit a compressed trilocular capsule, 
with 2 cells, sometimes abortive, occasionally fleshy and indehiscent. 
Seeds compressed, winged or wingless, in the succulent firuit, ovate; 
embryo small, near the Hlum, lying in a large cavity of cartilaginous 
albumen.—^Twining dirubs, witii l^ge epigeal or hypogeal tubers, 
alternate, sometimes opposite, reticulated leaves, and small, spiked, 
bracteated flowers. Natives chiefly of tropical countries; a few only 
foimd in temperate regions. There are 6 genera, according to Lindl«gr, 
and 110 species. Examples —^Diosoorea, Tamus. 

1050. Although farinaceous matter exists in the tubers of many 
species, yet there is a prevalent acridily throughout the order. Vari¬ 
ous species of Dioscorea, as D. alaia, soffea, and aculeata, produce the 
tubers called Yams, which are used in warm countries as a sulstitute 
for the potato. TestwUnaria ElephantSpes is the Tortoise plant of the 
Cape, or Elephant’s-foot, so called on account of its peculiar shortened 
tind thickened stem (If 92). Tamm communis, Black Bryony, is com¬ 
mon in hedges in England. It produces red succulent firuit, and has 
a hvrgc root, which is acrid. The acridity of the order sometimes 
manifests itself in pimgativc qualities. 

1051. Order 182.—Mmiiacete, the Sarsaparilla Family. {Mmw- 
pcrigyn.) Flowers bisexual or polygamous. Periantli petaloid, 6- 
parted. Stamens 6, insorted into the base of the perianth, rarely 

a jgynous. Ovary free, 3-celled; cells uni- or multi-ovulate; ovules 
otropal; styles usually 3-cleft; stigmas 8. Fruit globular and 
succulent Seeds with fleshy, cartilaginous albumen; embryo very 
small; usually distant from the hilum.—Herbs or imdershrubs, often 
climbing, with netted-veined leaves. Natives of the temperate and 
tropical regions of Asia and America. There arc 4 or 5 known genera, 
and upwards of 120 species. Examples —Bnulax, Philesia. 

1052. Mucilaginous and demulcent properties prevail throughout 
llie order. The root of various species of Stnilaa; constitutes the Sar- 
sapiirilla or Sarza of the pharmacopoeias. Linnaeus considered Sinilar 
Sarsaparilla, a native of the United States, as the plant which furnished 
Sjtrsaparilla, but recent observers state that this is not the ease. Hie 
following are enumerated as sources whence Sarsaparilla of various 
lands is derived:— 

1. Smilax officinalis, fonnd in woods near the Bio Magdalena in Columbia. 

It furnishes Jamaica Sarza, which is the best in the market. 

2. Smilax medica, native of the Mexican Andes. It is thought to tonisk 
Vera Cmz Sarza. 

2. Smilax syphilitica, found in Brazilian Guiana. It in part supplies Brazil 
and Lisbon Sarza. 

4. Smilax cordato-ovata, a Brazilian species. Brazil Sarza in part. 

5. Smilax papyracea, a Brazilian species. Brazil and Lisbon Sarza in part. 

(i. Smilax Brasiliensis, a Brazilian species. Brazil Sarza. 

7. Smilax, sp.? from Angostura, supplies Bio Negro Sarza. 

S. Smilax, sp.? from Honduras, supplies Honduras Sarza. 

2 L 
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Besuies these species, -which KOpply ia a greater car less degree the 
officmal drug, there are others which fiirnish substitutes iu different 
countries, viz.:— 


A. Smilax Parhampuy, sFenivian specie. 

10. SmUwK excelsa and aspera, are used as substitutes in Europe. 

11. Smilax Zeylanica, glawa, perfoliata, and leucophylla, in Asia. 

IS. Emilax China, a Chinese plant yielding China-root. 

IS. Smilax Pseudo-China, firom the United States. 

The officinal part is the roots -which come off from the rhizomes. The 
roots are mucilaginous, bitterish, and slightly acrid. They contain 
mucilage, starch, oil, resin, apd a crystalline principle called Pariglin 
or Smilacm. Sarsaparilla is -used in decoction and iniiision, as a tonic 
and alterative, in cachectic and ^rphilitic cases. 

loss. Order 183.—TriillBCfsc, the Trillium Family. {Mono-jKri- 
gyn.y Flowers usually bisexual. PerLmth in 6, sometimes 8 divisions, 
.coloured or herbaceous. Stamens 6, 8, or 10; filaments subulate: 
anthers linear, with a prolonged connective. Ovary fiee, 3- 4- or 
Sailed; styles as many, distinct; o-rales 00, .anatropaL Fruit suc¬ 
culent, 3- 4- or 5-celled. Seeds 00; embryo minute, in fleshy alV>u- 
,men.—^Natives of the temperate parts of Europe, Asia, and .Aonerica. 
Some of thenl are more or less acrid, others are marcotic. The rhizome 
of TrSUum cemuum is used as an emetic. Paris quadrifolia, Herb 
Pmis, is narcotic. There are about 10 known genera, Jind upwards 
of 60 species. Emmples —^Trillium, Paris, TriurisV 


Subclass 2.—PBIALOIDBiB. 

1054. Flowers ha-ring usually a perianth consisting either of verticil- 
late leaves, which may sometimes be separated into calyx and corolla, 
and are often colour^ (petaloid), or of a few whorled scales. Occfi- 
sionally the perianth is abortive. 

a. Perianth adherent, Ovary inferior, Flowers vmaUy hermaphrodite. 

1055. Order 184.—^Brdn>ehariiiacf»e, the Frog-bit FamUy. {Mono- 
epigyn.) Flowers spathaceous, unisexual, rarely g . Perianth with a 
6-partit8 limb, the 8 outer segments herbaceous, and equivalent to the 
calyx, the 3 inner petaloid, and equivalent to the corolla. Stamens 
definite or indefinite, epigynoixs. Ovan^ adherent, 1 or many-celled; 
ovules 00, anatropal, frequently attached to parietal placentas; stigmas 
3-6. Fniit dry or succulent, indehisoent, uni- or mtdtilocular. ^ds 
numerous, exalbuminous; embryo straight, radicle remote finm the 
hilum.—Floating or aquatic plants, with parallel-veined leaves, some¬ 
times spiny. Chiefly foimd in Europe, Aria, and North America. 
The plants of this order are not remarkable for their properties. 
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Some are mucilaginous and astringent VaUisneria ^aiUs (fig. 228) 
is a dioecious plant, the male flowers of which, at the time of flower¬ 
ing, are said to be detached Irom the mud of the water in whi(A 
they grow, and to float on the surface. At the same time the female 
flower developes a long spiral pedtmde, by means of which it readies 
the surfiice of the water, so as to allow the application of the pollen 
496). 'Ihe order has been divided into two sections:—1. Vallis- 
nerieai, ovaiy 1-celled. 2. Stratiotese, ovary many-celled. There are 
12 known genera, according to Idndley, induding 20 spedes. Exam¬ 
ples —^VaUisneria, Udora, Anacharis, Stratiotes, Hydrocharis. 

1056. Order 185.— orcbMaccte, the Ordiis Family. (Mono-epigyn.) 
Flowers bisexual Perianth adherent, herbaceous, or coloured, with a 
6-i)artite limb (fig. 730^16, pi), the segments being arranged in 2 
rows; exterior row (fig. 735 c«), called tlie calyx (dthough Lindley 
says it is more properly the corolla, the true calyx or calycdus being 
usually abortive), consisting of 3 segments (rarely 2 by ai^esion), the 
odd one of which is often next the axis by a twisting of the ovary; 
interior row (fig. 735 ct), called the ooroUa (regarded by Lindley 
as petaloid stamens), consisting tisually of 3 segments (very rardy 1), 
the odd one of which is called the labeUum or lip. This labt^um 
(figs. 735, 736, 737 I) frequently differs from the other divisions of the 
perianth, assuming remarkable forms, being lobed, spurred at the 
base, or famished with peculiar appendages, which are sometimes 
derived from the sterna. It is sometimes divided by contraction, so 
as to exhibit three distinct portions, the lowest being the hypochilium 
(va-e, under, and Up); the middle, mesochUium {ftins, middle); 

and the upper, the epichilium (Iwi, upon or above). Stamens 3, epi- 
gynous, united in a central column along with the style; the two 
Lateral stamens are usuaUy abortive (fig. 736 s s), the central one oppo¬ 
site the odd exterior segment being fertile (fig. 736 e); but at times 
the two lateral are fertile, and the central one is abortive; anthers 1- 2- 
4-ceUed (fig. 738); poUen powdery or cohering in definite (fig. 744) 
or indtifinite waxy masses ^oUinia) (figs. 739, 743), which offe ad¬ 
here by a caudicle (fig. 743 c) to a gland connected witli the beak 
(rosteUum) of the stigma. This gland is sometimes naked, at other 
times in a sac or pouch (bursicula). Ovary adherent, 1-ceUed (fig. 
740), composed of 6 carpels, of which 3 only arc placeutiferous (Lind¬ 
ley); style incorporated with tlie column (gynostemium, pistil, 
and vritfum, stamen); stigmas a viscid hoUow space m front of the 
Column (fig. 737 s), communicating directly with the ovary by an open 
canal The upper part of the united stigmas is often extended into a 
beak-like process (rosteUum). Placentas 3, parietal (figs. 457, 740). 
Fruit a capsule, opening by 3 or 6 valves, rarely fleshy, and indehis- 
cent. Seeds 00, very minute, with a loose redcnlated spermoderm 
(fig. 741), cxalbumiaous;.embryo solid, fleshy (fig. 742); Wge radicle 
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next tlie hiltim.—^Pereimial herbs or shrubs, wiih fibrous or tubercular 
roots (fig. 121), either no stem or a pseudo-bulb, entire parallel-veined 



Jigs. 785-7^.—Fbwcr of Spiraxitlicb autamnalis, to Uli^trate the natural order Orcliidaceai 
Fig. 785.—Howor after the ova^ has twisted on itself; wjen laterally, o, Ovary with the 
adherent perianth, c e, Outer divisions of the perianth, called hy some calyx, and by LlndJey 
corolla, c», Inner divisions of the perianth, called by some the corolla, and conudered by 
Lindley as ^taloid stomcna The labellum or lip, being tiio lower of the three inner i^g- 
menta 

Hg. 736.—Dlag^ of the flower ia the young state, l^efore the twisting of the ovary has 
taken place, a, The axis of the rolko of flowers, pe, pe, pe. Outer perianth, pi, pi^ Two divi¬ 
sions of the inner perianth. 2; Third division of the inner periantti, in this state placed next 
tlioaxia e, Fertile anther, ss, Two abortive anthers or stan^odia o, Ovary. 

Big. 737.—Summit of tlm flower cut vertically, o, Adherent ovary with p^ctal ovules, o. 
/, lAoellum or Up. s, Stij^a a, Antbmr. 

Fig. 788.—Anther separated. Ite inner suiface diown with its two colla 
Fig. 739.—Granular pollen-masses taken from tiic anther. 

Fig. 740.—Horisontaj section of the ovary, with thx^ parietal placentas bearing numerous 
<»vu]ea 

Fig. 74L—A seed 6ei>arated, with its external reticulatod integument, t 
Vig. 7^—Embryo of Acctm mithropophora deprived of ito integuments. 

Fig. 748.—Pollen-masses (Polllnia) of Orchis moculata, with the gndns united In little conical 
masses, c, Caudicle terminated by the retinaculum and glanda 
Big. 744.—The conical masses which the pollen-grains form by their cohesion. 
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often sheathing leaves, and generally showy, attractive flowers. Some¬ 
time buds are produced on the margins of the leave (fig. 214). They 
are natives of e^ost all parts of the wcxrld, but they abound in moist 
tropical regions. They are not found in the arctic regions, nor in very 
dry climates. Some are terrestrial, and others are epiphytic. The 
lormer are commonly seen in temperate climates, the latter in warm 
i-egions. IHsa grandiflara is found on Table Mountain at an elevation 
of 3,582 feet The only known localily for it is in a marshy hollow 
near the eastern extremity of the summit, where it is abundant among 
rushes on the margins of small pools and streamlets in a black boggy 
soil Two rare species of Disa are also seen there, 2>. fermgmea and 
temuifoUa. OncicUum mMgetmm is found on the Andes, near Quito, at 
an elevation of 14,000 feet above the level of the sea. JEjndmdrum 
frigidmii. tKscurs in Columbia at an elevation of 12,000 to 18,000 feet 
(mean temperature 46°), and is covered with a sort of varnish, land- 
ley, who is our best authority on Orcliids, has divided them into 
various tribes. He enumerates 396 genera, including about 3000 
species; of these, 16 genera and 40 species are British. 

1057. The plants of this order are well distinguished by the pecu¬ 
liar forms of their flowers, their remarkable lip, gynandrous stamens, 
.and pollen-masses. Their flowers often resemble insects, as butter¬ 
flies, moths, bees, flies, find spiders; or birds, as doves and eagles; 
or reptiles, as snakes, lizards, and frogs. The colours and spots on 
the perianth sometimes give the appearance of the skins of quaibupeds, 
ii.s the leopard and tiger. These resemblances are often indicate in 
tlie generic and specific names. Tlie labellum, in some instances, dis¬ 
plays peculiar irritability 665). 

1068. Mucilaginous properties occur in many of the plants of this 
order. Borne are aromatic and fragrant; others are antispasmodic 
and tonic. The tuberous roots of some yield a nutritious substance 
cidled Balep, which consists chiefly of ba^orin, some soluble gum, and a 
little starch. Tlie orchid yielding it is not well known; some say 
that it is Orchis masmla, others 0. papilionaceci, Mono and mHtariSf 
others Eukphia vera and campestris. Salep forms an article of diet 
fitted for convalescents, when boiled with water or nulk. The roots 
of Apketrum hyemede contain a very glutinous matter, and hence the 
]ilant is called in America Putfy-wort. Tte fleshy pod-like firuit of 
Vanilla plmifnlia, cUwiculata, and other species, constitutes the sub- 
'■i.ance cidled Vanilla, which is used in confectionery, and in flavour¬ 
ing chocolate. It contains an oil. and much benzoic acid. A blue 
colouring matter has been found in some of the orchids. The 
odour of many of them is very fragrant; sometimes it is oppressive; 
at other times, as in Malachadenia clavata, it is very fetid, resembling 
carrion. 

1059. Order 186.— Xingf^acaceae, or Sduunlnefe, the Ginger 
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Family. {Mono-ej[ngyn.) Perianthsuperior, m2 whorls; outer (calyx) 
tubulOT, 3-lobed, short; inner (corolla) tubular, elongated, 8-parted, 
s^ments nearly equal. Stamens in 2 whorls; outer sterile, petaloid, 
having the appearance of a 3-parted corolline whorl, with the inter¬ 
mediate segment (labcllmn) larger than the rest, and often 3-lobed, 
sometimes the lateral segments are inconspicuous or nearly abortive; 
inner stamens 3, the two lateral being abortive, the intermediate one 
opposite the labellum, fertile; filament not petaloid, often prolonged 
beyond the anther; anther 2-ceUed, dehiscing longitudinally. Ovary 
3-celled, or imperfectly so; ovules several, anatropal, attached to a 
placenta in the axis; style filiform; stigma dilated, hollow. Fruit 
usually a 3-celled capsule, sometimes baccate. Seeds roundish or 
angular, sometimes with an ariUus; embryo enclosed in a vitellus 
(the remains of the embryo-sac), surrounded by ferinaceous albumen, 
which is deficient near the hilum.—^Ilcrbs, wiA a creeping rhizome, 
and simple sheathing leaves, having parallel veins proceeding fi-om the 
midrib to the margin. 'Jthe flowers arise fi'om membranous spa- 
thaceous bracts. Natives of tropical countries. Lindlcy mentions 29 
genera, and 247 species. Exempks —^Zin^ber, Curcuma, Amomum, 
Hedychium, lienealmia. 

1060. Plants often with showy floweins, having aromatic stimulant 
properties, which reside chiefly in their rhizome or root, and in their 
seeds. Some yield starchy matter. The rhizome of Zingiber ojficinule 
(Amomum Zingiber), constitutes the Ginger of commerce, which is im¬ 
ported from the East and West Indies. In the yotmg sfcite the 
rhizomes are fleshy and slightly aromatic, and they are then used a.s 
preserves; while in a more advanced state, the aroma is fully devel¬ 
oped, their texture is more woody, and they are then fit for ordinary 
ginger. When dried, after immersion in hot water, they form Black 
ginger; when simply dried in the sun, after being cleaned, they re¬ 
ceive the name of White ginger. The rhizome contains an acrid resin 
and volatile oil, starch and gum. It is used as a tonic and carminative, 
in the form of powder, syrup, and tincture. Curcuma longa, a native 
of Eastern Asia, ftimishcs Turmeric. This consists of the branches of 
the rhizome, or root-stock. Its powder is lemon-yeUow, and it is 
used as a dye-stuSl It contains starch, an acrid volatile oil, and a 
yellow colouring matter called Curcumin. It is employed medicinally 
as an aromatic carminative, and, as a condiment, it enters into the 
composition of curry-powder. The root-stocks of Alpmia racemosa, 
and A. Ckdanga, Galangale, and many other plants of the order, have 
the same properties as ginger. Various species of Amomum, Ekttaria, 
and Senealmia, appear to furnish the Cardamoms of the shops, which 
consist of the oval trivalvular capsules containing the seeds. The 
following are some of the sources whence Cardamoms are pro¬ 
cured:— 
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1 . Amomum Cturdamomum, a Java plant, sappUea the round Cardamoms. 

2. A. angnstifolinm famishes the large Madagascar Cardamoms, and also 

supplies some of the seeds called Grains of Paradise. 

3. A. maximnm produces the Java Cardamoms of the London market. 

4. A. repens (Bencalmia or Elettaria Cardamomum) is the source Malabar of 

Cardamoms. 

.5. Eiettaria m^or is said to yield Ceylon Cardamoms. 

'rhe seeds of these plants arc ttsed as aromatic tonics and carminatives. 
Tlieir active ingredient is a pungent volatile oil. Grains of Paradise 
are the seeds of Amomum Mekgueta, Mclegueta Pepper, and have the 
same properties as Cardamoms. Etist Indian Arrow-root is procured 
in part from Curcuma angustifoUa, and a similar kind of starch is 
yielded by Curcuma Zerumbct, C. teucorhiza, and Alpima Gahnga. 

1061. Order 187.—Manuiiacitie or Camiacete, the Arrow-root 
Family. {Moiw-epigifii.') Perianth .superior, in 2 whorls; outer 
(caly.x) 3-lobed, short; inner (corolla) tubular, elongated, 3-parted, 
segments nearly equal. Stamens in 2 whorls; outer sterile, petaloid, 
irregular, resembling a tubular trifid corolla, with one of the lateral 
segments different from the others; inner petaloid, 2 sterile, and 1 
lateral fertile; filament of the latter petaloid, entire, or 2-lobed; an¬ 
ther on the margin of the filament, 1-celled, dehiscing longitudinally. 
Ovary 3-celled, rarely 1-celled; ovules solitary and erect, or numer¬ 
ous and attached to tlie axis; style petaloid or swollen; stigma eitlier 
the naked apex of the style, or hoUow, hooded, and incurved. Fruit 
a 3-celled capsule, or baccate, 1-celled and 1-seeded. Seeds round, 
vrithout arillus; embryo straight, in hard, somewhat floury albumen, 
without a vitellus; radicle lying against the liilura (fig. 527).—Herba¬ 
ceous plants, with tuberous rhizomes, and leaves and flowers similar 
to tliose of the Ginger Family. Tliey are natives of tropical regions. 
Iiindley enumerates 6 genera, including 160 species. Examples — 
Maranta, Canna, Phrjmium. 

1062. The plants of the order contain much starch in the rhizomes 
and roots. They are destitute of aroma. Arrow-root is the produce 
ftf the tuberous rhizomaia of Maranta ctr-undinacea and M. indica. 
'Ihe best West Indian arrow-root comes from Bermuda. Its globules 
arc much smaller and less glistening tlian those of tous-les-mois or 
potato starch. Amylaceous matter of a similar kind is produced from 
other species of Maranta, as well as from species of Canna. Tous-les- 
mois is the produce of Canna coednea, C. Achiras, C. eduUs, &c. 
The seeds of Gannas arc round and black, and are commonly known 
under the name of Indian shot. They have been used as a substitute 
for coffee. Calatbea zdmna, Zebra plant, is so called from the peculiar 
variegation of its leaves, which have a velvety aspect. Banwioud states , 
that the two outer verticils of the flowers in Cannas are always 
developed, one after the other, precisely like tiie calyx and corolla; 
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while the verticil, sometimes called petals, is really metamorphosed 
stamens, and hence its irregular aspect. 

1063. Order 188.—innsacMe, the Banana Family. {Mom-epigyn.) 
Perianth 6-cleft, adherent, petaloid, in 2 whorls, more or less irre^ar. 
Stamens 6, inserted on the middle of the segments of the perianth, 
some usually abortive; anthers linear, dithecal, introrse, often wth a 
membranous petaloid crest. Ovary inferior, 3-oelled; ovules numer¬ 
ous, anatropal; style simple; stigma usually 3-lobed. Fruit either a 
3-o^ed capsule, with loculiddal dehiscence, or succulent and indehis- 
oent. Seeds sometimes surrounded by hairs; testa usually cmsta- 
ceous; embryo erect, in the axis of mealy albumen; radicle touching 
the hilum.—^Plants without true aerial stems, or nearly so, having 
shoots proceeding fi-om subterranean root-stocks, which form spurious 
steins, composed of the sheathing leaf-stalks. Veins in the limb of the 
leaf parall^ and proceeding in a curved manner fi'om the midrib to 
the margin (fig. 135). Flowers bursting through spathas. Natives 
of warm and tropical regions. There are 5 known genera, and 21 
species. Examples —Musa, Strclitzia, Ravenahi. 

1064. The plants of this order furnish a large supply of nutritious 
fruit, and their leaves afford valuable fibres. Spiral vessels abound in 
them. Musa sapientvm and CavendisMi furnish different kinds of 
Banana, while M. paradisiaca yields the Plantain. These fimits in 
their ripe state contain much starchy matter. From their spmious 
stems, Ihe fibres of the spiral vessels may be pulled out in such quantity 
as to bo used for tinder. The ribbon-like fibre in these vessels is 
compo.sed of several threads united together (pleiotrachete) (fig. 51). 
The produce of tlie Banana is of great value to the inhabitants of 
warm countries. The same extent of grotmd which in wheat would 
only maintain two persons, will jdeld sustenance under the Banana 
to fifty. Musa lextiUs yields a kind of woody fibre, which is used in 
India in the manufacture of fine muslins. Manilla Hemp is the pro¬ 
duce of Musa textiltst0Vh&- woody tissue of many species of Musa is 
used for manufacture in warm climates. The yoxmg shoots of tfic 
Banana are used as a culinary vegetable. Urania speciosa or Baveruda. 
is the Water-tree of the Dutch, so called on account of the great quantity 
of water which flows fi'om its stem or leaf-stalk when cut across. 

1065. Order 189.—irWace®, the Iris Family. {Mom-epigyn.) 
Perianth adherent, 6-parted, coloured, in 2, often imequal whorls 
(figs. 745, 746). Stamens 3, epigynous, opposite the outer segments 
of the perianth (figs. 745, 746 e e); filaments distinct or monadelphous; 
anthers 2-celled, extrorse. Ovary inferior (fig. 746 o), S-celled; ovules 
numerous (fig. 746 g), anatropal; style 1; stigmas 3, often petaloid 
(fig. 746 s), sometimes bilabiate. Frat a 3-celled, 3-valved capsule, 
with loculicidal dehiscence (fig. 448). Seeds numerous; embryo en¬ 
closed in horny or fleshy albumen; radicle next the hilum (fig. 747). 
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—Herbs, rarely imdershrubs, with rhizomes or underground corms, 
having their leaves often equitant or distichous, and their flowers 
spathaceous. Natives chiefly of warm and temperate regions. They 
aboimd at the Cape of Good Hope. There are 53 known genera, and 
550 species. Examples —Iris, Sis 3 ainchium, Witsenia, Gladiolus, 
Ixia, Crocius. 

1066. Some of the plants hsive fragrant and stimulant, and some 
acrid, rhizomes and conns; others yield dyes. The root-stock of Iris 
Fhrentina yields orris-root, which has a pleasant odour like violets, 
and an acrid tsistc, depending on die presence of a volatile oil. It is 
imported fixim Florence and Leghorn. Orris-root is u.sed chiefly for 
giving a pleasant odour to the breath, and in perfumery and tooth- 
jKiwder. Orris-root starch is used for liair powder. Crams satkm, the 
D 3 t) of die Old Testament, furnishes the colouring material c^Ied 
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Saffron. It consists of the stigmata, which have a fine deep-orange 
colour. These stigmata are either dried in the loose state, forming Hay 
Saffron, or compressed into masses, constituting Cake Saflfron. The 
yellow colouring ingredient is Polychroita Saffi’on contains an active 

t'lgs. 746-747.—Organs of fructifleation of Iris Gerraonica, to ilhistrate tlie natural order 
‘ridacco!. 

Fig. 746.—Diagram of the flower, showing six diviidons of the jietianth in two verticils, tliree 
extrorso stamens, and the S-celloa capeulo with numerous ovules, a, Position of the axis of 
inflorescenoc. 

Fig. 746.—Vertical section of the flower, cr, Outer divisions of tiie coloured j)eriBnth. 
tenor divisions of the perianth, Tube of the peiiimth, above the part which is adhei^t 
te tlie ovary, o, Inferior <i-ccllcd ovary, Numerous anatropal ovules, sc, Stamens, ss, 
Petaloid stl^ss. 

Fig. 747.—Seed separated and cut longitodinaily. Integuments (spermoderm). p, Peii- 
sperm, e. Embryo enclosed in the p6r{iQ)6rm. m, Micropyle (foramen). 
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volatile oil, and it has been used in the form of tincture and syrup, 
as an emmenagogue and antispasmodia The stigmata of Crocus autum- 
nalis and C. odorus, also supply safiron. The roasted seeds of Ins 
pseudacorvs have been used as a substitute for coffee. 

1067. Order 190.—BunnaButacetM-., the Burmaimia Family. (Mom- 
epigyn!) Perianth coloured, tubular, 6-cleft, the three outer segments 
(calyx) often keeled at the back, the three inner (petals) minute. 
Stamens 3, inserted in the tube of the perianth, opposite its inner 
segments, sometimes with 3 alternating sterile filameats; anthers 
dithecal, opening transversely, with a fleshy connective. Ovary in¬ 
ferior, either 1-or 3-celled, in the latter case the cells opposite the 
outer segments of the perianth; ovules 00; style simple; stigmas 3. 
Fruit a 1-3-celled, 3-valved capsule, crowned by the persistent peri¬ 
anth. Seeds 00, minute, striated.—^Herbs, with radical leaves and 
bisexual flowers. Natives of moist grassy places in tropical regions. 
They have no properties of importanca There are about 10 known 
genera, and 35 species. Examples —Burmannia, Apteria, Apostasia 

lock Order 191_BtemoAomcete, the Iflood-root Family. (Mom- 

epigyn.) Perianth petaloid, more or loss wooUy, fl-clett. Stamens 
inserted on the perianth, either 3, and opposite the inner segments of 
the perianth, or 6; anthers introrsc. Ovaiy adherent to the tube of the 
perianth, usually 3-oelled, rarely l-ceUed; ovules 1-2 or numerous; 
.style simple; stigma midivided. Fruit a 3-valved capsule, sometimes 
indehiscent. Seeds cither definite or 00, sometimes pdtate; embryo in 
cartilaginous albumen.—^Herbs with fibrous roots, equitant distichous 
leaves, and bisexual flowers. They are found in various parts of the 
world, more especially in the warm parts of South America, at the 
Cape of Good Hope, as well as in North America and Australui. 
landley mentions 13 genera, and 50 species. Examples —Hmmodorum, 
Anigosanthus, Veflozia, Barbacenia. 

1069. The plants receive the name of Blood-root, from the red 
colour of their roots, which are used for dyeing. VMozias, Tree 
LUies, give a decided feature to the vegetation of the mountains of 
Minas Geraes in Brazil. Their trunks are covered by the withered 
remains of the leaves, and their branches are dichotomous, and bear 
tufts of leaves at the extremities. The outer surface of their stems 
is covered thickly with numerous adpressed rootlets. 

1070. Order 192.—AmKryiUdacete, the Amaryllis Family. (M<mo- 
epigyn.) (Fig. 251). Perianth petaloid, regular, 6-cleft, the outer 
segments overlapping the inner. Stamens 6, inserted in the perianth, 
sometimes cohering by the dilated bases, and forming a kind of cup; 
occasionally there are additional sterile stamens, which sometimes 
form a corona above the tube of the perianth; anthers introrse. Ovaiy 

, inferior, 3-t!eUed; ovules 00, anatropal; style 1; stigma 8-lobed. 
Fruit either a 3-celled, 3-valved capsule, with loculicid^ dehiscence, 
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or baccate. Seed with a thin or thick, or black and brittle spermo- 
derm; albumen fleshy; embryo nearly straight; radicle next the 
hilum.—^Usually bulbous plants, sometimes wi& fibrous roots; leaves 
ensiform, with parallel veins; flowers spathaoeous; stem sometimes 
woody and tall. Natives chiefly of the Cape of Good Hope, but 
species are found in Ermope, East and West Indies, South America, 
and Australia. Lindley enumerates 68 genera, and 400 species, and 
he divides them into 4 tribes;—1. Amarylleas, bulbs, flowers without 
a corona. 2. Narcisse®, bulbs, flowers with a corona. 3. Alstrii- 
inerie®, fibrous roots, outer segments of the perianth different in form 
fi-om the inner. 4. Agave®, fibrous roots, both segments of the peri¬ 
anth alike. Emmpks —Amaryllis, Galanthus, Crinum, Narcissus, 
AlstrOmeria, Agave. 

1071. The bulbs of tnimy plants of this order have narcotic poison¬ 
ous qualities. Some of them act as emetics, others are used in the pre¬ 
paration of a kind of intoxicating spirit. The tough fibres of some are 
u.sed for flax. The root of Hcenianthiis toodcarius w poisonous. The 
flowers of the Daffodil {Narcissus pseudo-narcissm) are also said to 
be poisonous. The fibres of Agave Americana, American Aloe, yield 
Pita flax. This plant does not flower often, but when flowering begins, 
it proceeds with great rapidity and vigour. Its roots are sometimes 
used to adulterate Sarza. Its juice is fermented so as to form an 
intoxicating beverage. Agave Sapmiaria is used in Mexico for washing. 
The bulbs of Narcissus poeticus, N. JmupuMu, N. odorus, N. pseudv- 
iuxrcissus, N. Tazetta, and of some species of Pancratium are emetic. The 
Guernsey Lily is also reputed poisonous. Some Alstroma^ are diu¬ 
retic. In Alsiromerias (fig. 251), the leaves are twisted, so that what 
should be the upper suifiice becomes the lower. In Narcissus, the 
corona or crown of abortive filaments projects beyond the flower; while 
In Panq-atium, the dilated filaments of the fertile stamens unite together, 
and are included within the periantli. Many ornamental garden 
plants belong to die order. 

1072. Order 193.—Hypoxidaceie, the Hypoxis Family. {Mom- 
epigyn.) Perianth petaloid, superior, usually 6-parted, regular. Sta¬ 
mens 6, inserted into the base , of the segments of the perianth, fila¬ 
ments distinct; anthers introrse. Ovary inferior, 3-celled; ovules 
numerous, amphitropal; style simple; stigma 3-lobed. Fruit inde- 
hiscant, sometimes succulent, l-'2- 3-ceOed. Seeds 00, with a lateral 
In!'on and a beaked caruncle; testa black and chistaceous; embryo 
sti-aight, in the axis of fleshy albumen; radicle remote from the lulum. 
—^Herbaceous and usually stcmless plants, with tuberous and fibrous 
roots, radical plaited leaves, and simple or branched scapes. Natives 
of warm countries. Some have bitter roots, others have edible tubers. 
There are 4 known genera, including 60 species. Examples —Hypoxis, 
Curculigo. 
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1073. Order 194.—Bromeifauseie, the Kne-apple Family. {Mom- 
perigyn.) Perianth tubular, 6-divided, in 2 verticils; outer whorl 
(calyx) persistent, more or less adherent to the ovary; inner petaloid, 
marcescent or deciduous, with imbricated mstivation. Stamens 6, in¬ 
serted into the base of the segments of the perianth; anthers introrse. 
Ovary cither free or partially adherent, 3-celled; ovules 00, anatropal; 
style single; stigma 3-lobed or entire, often twisted. Fruit ca;^ular 
or succulent (figs. 256, 474), 3-ceIled. Seeds 00; embryo irdnute, 
curved or str^ht, lying in the base of mealy albumen ; radicle next 
the hUum.—Stemless or short-stemmed plants, with rigid, channelled 
leaves, which are often spiny at the margin, and are covered with 
scurfy matter. Natives of the warm parts of America chiefly. There 
are 23 genera, according to Lindlcy, and 170 species. Eaxmples — 
Bromelia, Ananassa, Tillandsia, Bonapartea. 

1074. The plants of this order are all more or less epiphytic, being 
able to grow without any dirent attachment to the soil In hothouses 
they are frequently kept suspended in moistened moss. Some of 
the Tillandsiait are hung from balconies in South America as air- 
plants. Tillandsia vsmoides has the appearance of the Beard-moss (a 
lichen commonly seen on trees in Britain), and it is used for stuffing 
cushions, «&c. The plant has been called Tree-beard or Black Mass. 
The leaves of TiUandsicus frequently contain much water in their hol- 
lowed-out bases. The fiuit of Ananasm sativa is well known as the 
Pine-apple or Ananas (fig. 256). It is an anthocarpous fridt, consist¬ 
ing of numerous flowers and bracts united together, and becoming 
succulent. The fruit is more or less acid in the wild state, but when 
cultivated it becomes sweet and highly aromatic. The fibres of the 
leaves are used in the preparation of fine muslins. The woody fibres 
of many Bromelias are used in manufactures. The crown of the Pine¬ 
apple consists of the leaves arising from the prolonged axis (fig. 474/). 

b. Perianth free, Ovary superior, P%owers vmaUy hermaphrodite. 

1075. Order 195.—ijiliiujete, the lily Family. {Mono-perig. and 
Mom-hypog.) Flowers usually bisexual. Perianth coloured, in 2 
rows, regtilar, with 6 divisions (figs. 259, 260, 748, 749). Stamens 
6 (fig. 538), perigynous, inserted into the segments of Ae perianth 
(figs. 259, 748, 749); anthers introrse (fig. 750 e). Ovary fi^e, 3-celled 
(fig. 749); ovules 00; style 1; stigma simple or 3-lobed (figs. 259, 
260, 750 s). Fruit 3-ceUed, either succulent or dry and capsrdar. 
Seeds numerous, packed one above the other in 1 or 2 rows (fig. 750); 
embryo in the axis of fleshy albumen (fig. 751).—^llerbs, shrubs, or 
trees, with bulbs, (figs. 207-209), or tubers, or arborescent stems, or 
rhizomes (fig. 90); leaves not articulated, usually narrow, with parallel 
veins. They are found both in temperate and tropical climates. In 
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warm regions some of them are arborescent, as in the case of Dracasnas; 
others are very succulent, as species of Aloe. The order has not been 



sufficiently defined, and there are still many differences of opinion a« 
to its limits. Under it are included by some the following suborders:— 

1. Tnlipeaj, Tulip tribe: bulbous plants, segments of perianth scarcely adherent 

in a tube, testa pale and soft. 

2. BermcrocEdlidem, Day-lily tribe: bulbous plants, with a tubular perianth, 

testa pale and soft. 

a. Scillem or Alliece, the ^nill or Onion tribe: bulbous (figs. 207-209), with 
the testa black and brittle. 

4. Anthericeo: or Asphodelem, Asphodel tribe: not bulbous, roots fascicled 

(fig. 120) or fibrous, leaves not coriaceous nor permanent. 

5. Convallariem, Lily of the Valley tribe: stem developed as a rhizome or tuber 

(fig. 90). 

(i, Asparagese, Asparagus tribe: stem usually fully developed, arborescent, in 
some cases branched, leaves often coriaceous and permanent. 

7. Aloinem, Aloes tribe: stem usually developed, arborescent, leaves succulent. 
«. Apbyllantbess, Grass-tree tribe: having a rush-like habit and membranous 
imbricated bracts. 


Lindley adds to these tlie tribes Conantherese, Wachendorfeaj, Aspidis- 
trese, and Ophiopogoneaj. lie enumerates 133 genera, including 1200 
.s()fecies. Example —^l\dipa lilium; HemerocaQis, Phormium; An- 
thericum, Asphodelus; ConvaUaria; Asparagus, Dracania; Aloe; 
Aphyllanthes, Xauthorrhma; Conanthera; Wachendortia; Aspidistra; 
Opliiopogon. 

1076. Many of the plants of this order are showy garden flowers, 
such as Tulips, lilies, Fritillaries, Day-lilies, Tuberoses (PoUantlies), 
and Dog-tooffi-violets (Erpthnmmm). Some of them arc used medi¬ 
cinally as purgatives, stimulants, emetics, and diaphoretics. Some 
yield valuable fibres, others supply resinous matter. The bulb of 

Kigs. 74A-7<‘)1.—0nB;an8 of fhictitlcatlon of Scilla autumnalis, to illustrate tlio natural order 
Jalliaceae. 

Fig. 748.—Flowers seen from above, ce. Outer verticil of the perianth (calyx), Inner 
ticil of the perianth (corolla). 

Fig. 748.—Diagram of tlie howoTt showing three outer and tlircc inner leaves of the perianth, 

adtomating stamens in two rows, and tlii^ carjmls of the ovary with the ovules. 

Hg. 7£(X—Vertical section of the hower. e e, Perianth, e, Stamens, o, Ovary. 5, Stylo imtl 
gr, Ovules attached to a placenta in tlie uxia 

Fig. 761.—Seed separated and cut lengthwise. ^ Integument, p, Perisperm. e, Embryo. 
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SeUia or Sqai^ (JJrghm) mariUma supplies the cffidnal squill. "Hie 
plant grows on the sandy coasts of the Mediterranean. Its bulbs vary 
in weight from half a pound to four or five pounds. In their fresh 
state ^ey are very, acrid. They contain a bitter crystalline principle 
called SciHitina. Squill is used medicinally in the form of powder, 
vinegar, syrup, and tincture, as an emetic diaphoretic, expectorant, 
and diuretic. The drug called Aloes, is the inspissated jruoe of the 
leaves of various species of Aloe, as A, spicala, vulgaris, socotrina, m- 
dica, rvhescens, arabica, Hngucefomm, and CommeUni. It is imported 
under the names of Socotrine, East Indian or Hepatic, Barbadoes, 
Cape and Caballine Aloes. It contains a substance called Aloesin, 
which some regard as its active principle. Aloes is used medicinally 
as a cathartic, acting diiefly on the large intestines and on the 
rectum. The bulb of Allium sativum. Garlic, is used as an irritant, 
stim\ilant, and diruetic. It is the arm of the Bible, the gKoftlei’ of 
the Greeks. The bulb of Allium Cqxt, the Onion, the ahsi. of the 
Bible, is used in the same way as garlic, and so is the bulb of AUium 
Porrum, the Leek, the -ran of the Bible (figs. 207, 208). Besides the 
Onion and Leek, several species of Allium, imder the name of Cliive (A . 
Schoenoprasum), Shallot (A. ascalonimm), and Rocambole {A. Scorodo- 
pramm), are used as articles of diet. These plants contain iree phos¬ 
phoric add, and a sulphuretted oil, which is in a great measure dissipated 
by boiling or roasting In the Oregon and Missouri districts of North 
America, the bulbs of Giawnsm esctdeiita, Gamass or Squamash, are also 
employed in a similar manner. It is called by the Indians Biscuit-root. 
The turios or young shoots sent up from the xmderground stem of Aspa¬ 
ragus qffiemaUs (fig. 110), are the parts employed in cooking. The biilbs 
of species of Lilium, fotmd in the east of Siberia, arc eaten like potatoes. 
Fibres arc procured from Phormimn tenax. New Zealand Flax, and 
from the spedes of Yucca, Adam’s Needle (fig. 234). Dracama Ih-uco, 
and other species, yield an astringent resin called Dragon’s-blood. 
The Dracoenas often branch in a dichotomous manner, and attain a 
large ske. The Grass-tree of New South Wales, Xanthorrheea hastilis, 
gives a peculiar feature to the vegetation of that coimtry. It yields a 
yellow gum-like substance. The base of the inner leaves of some 
Grass-trees is used as food. Some of the Lilies have buIbUs or bulb- 
lets in the axils of their leaves (fig. 213). In the Crown-Imperial there 
is a nectariferous depression in the base of the segments of the perianth 
(fig. 302). Lilium chalcedonicum is said to be tlie Lilies of ihe field, 
T«e »f/»» TOW mentioned in Scriptm-e. Uyacintlrus orientaMs is 

the common cultivated H 3 nidntb, of which the Haarlem florists had at 
one time upwards of 2000 varieties. The mania for Tulip bulbs was 
at one time canied to a great extmit, and the price given for approved 
kinds was enormous. Many lumdred varieties of ti^ps are known. 

1077. Order 196.—^mcianthaeeae, the Colchicum Family. {Mono- 
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perigyn.) Perianth petaloid, in 6 pieces, which are sometimes slightly 
coherent, usually involute in estivation. Stamens 6; anthers extrorse. 
Ovary 8-celled; ovules numerous; style 8-parted; stigmas 8, un^ 
divided. Fruit a 3-celled capsule, with septicidal or loouhcidal dehis¬ 
cence. Seeds with a membranous spermodam; albumen dense, 
ileshy; embryo very minute.—Plants with bulbs, tubers (fig. 98), or 
fibrous roots, having parallel-veined leaves, slfeathing at the base. 
The flowers are sometimes polygamous. Tliey are natives of various 
parts of the globe, but are most abundant in northern countries. The 
order has been divided into three suborders:—1. Veratrese or Melmi- 
thete, rhizome fibrous, dehiscence of capsule septicidal, flowers fre¬ 
quently unisexuaL 2. Colchiceaj, rhizome bulbous, dehiscence sep- 
ticidah 3. Uvulariea;, rhizome bulbous or fibrous, dehiscence loculi- 
cidal. Tliere are 30 known genera, and 130 species. Examples — 
Melanthium, Veratrum, Tofieldia; Colchicum; Uvularia. 

1078. The plants of the order have in general poisonous properties. 
Many arc amid, purgative, and emetic, and some are narcotic. Among 
the medicinal plants of the order, the most important is Colchicum 
imtumnale, Meadow Safiron, or Autumn Crocus. The bulb or corm 
(fig. 93) and the seeds are the ofiicinal parts. They confcun a peculiar 
idkaloid called Colchicia, which seems U) be analogous to Veratria. 
Colchicum in large doses acts as a nareotico-acrid poison. In medi¬ 
cinal doses, in the form of extract, vinegtir, tincture, and wine, it is 
used iu the cure of gout and rheumatism. It is sedative, cathartic, 
and diuretic. Tlie rhizome of Veratmm, (Mum, the White Hellebore 
of the Greeks, is an irritant narcotic poison, its properties being due 
to the presence of an alkaloid called Veratrhi. It has been used as 
an emetic and pm-gative, especially in mania, and it has been adminis¬ 
tered as a remedy ibr gout. Cevadilla is the fruit of Hehnias or 
Amgrcea ojikinulis, as well as of Verafy-mt SabadMa. The fruit and 
seeds contain the alkaloid veratria in combination with a pecuHai’ 
fatty acid called cevadic or sabadfllic acid. Cevadilla is used in cases 
of neuralgia and rheumatism. 

1079. Order 197.—eiiiieaiacen, the GiUiesia Family. {Memo- 
jMTigyii.) Perianth 6-parted, sometimes 5-parted by cohesion of two 
of the pieces, in a double row; the outer, petaloid and herbaceous; the 
inner, smaller, and more coloured; mstivation twisted. Stamens in a 
double series; outer whorl sterile, in the form of a 6-toothed urceolate 
body, or of scale-like bodies, one of wliich forms a sort of labellum; 
inner whorl of six stamens, of which three are sometimes sterile. 
Ovary superior, 3-celled; style 1; stigma simple. Fruit a 3-celled, 
3-valved capsule, with loculicidal dehiscence. Seeds numerous, at¬ 
tached to the axis; spermoderm black and brittle; embryo curved 
in the midst of fleshy albumen.—Herbs with tunicated bulbs, grass- 
like leaves, and umbellate spathaceous flowers. Natives of Cliili. Tlreir 
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prtmerties tcda^own. llie description of the &oyrer is in accordance 
sath Amott’s view, and differs that of lindlej, who considers 
the paiaath as braks, and the outer vertidl of stamens as the perianth. 
There ere 2 genera and 5 species. E-xam^ples —Gilliesia, SCersia. 

1080. Orfe 198.—PoMedcriaecne, the Pontederia Family. {Mono- 
periggn.) Perianth tubular, coloured, 6-parted, more or less irregular; 
astivation circioate. Stamens 8-6, perigynous; anthers introrse. 
Ovkry free, or slightly adherent, 3-oelled; oviiles numerous, anatropal; 
style 1; stigma simjjle. Fruit a 3-celled, 3-valved capsule, with 
looulicidal dehiscence. Seeds 00, attached to a central axis; testa 
membranous; hilum small; embryo straight, in the axis of somewhat 
mealy albumen; radicle next the hilum.—Aquatic or marsh plants 
with sheatliing, parallel-veined leaves, which are sometimes cordate or 
sagittate, and have inflated petioles. The flowers are spathaceous. They 
are natives of North and South America, East Indies, and Africa, 
Their properties are Unimportant. There are 6 genera, according to 
Lindley, and 30 species. Examjdes —^Pontederia, Leptanthus. 

1081. Order 199.—Xyiidacne, the Xyris Family. {Mono-perigyri.) 
Perianth 6-parted, in two verticils; the outer glmnaceous, the inner 
petaloid. Stamens 6, 3 fertile, inserted into the claws of the inner 
perianth; anthers extrorse. Ovary single, 1-celled; ovules 00, ortho- 
tropal, attached to parietal placentas; style trifid; stigmas obtuse, 
multifid or undivided. Fruit a l-ceUedy S-valvod capsule. Seeds 
numerous; embryo on the outside of .mealy albumen, remote from 
the hilum.—Herbs having a sedge-like aspect, with radicd leaves, equi- 
tant and sheathing at die base, and scaly heads of flowers. Natives 
chiefly of tropical regions, having no important properties. There are 
about 6 genera, and 70 sjiecies. Examples —Xyris, Abolboda, Phily- 
drumi* 

1082. Order 200.—^jrancactot!, the Eush Family. {Mom-hypo- 
perigyn.) Perianth 6-parted, more or less glumaceous. Stamens 6, in¬ 
serted into the base of the segments, sometimes 3, and opposite the 
outer segments; anthers 2-celled, introrse. Ovary 1-3-cell^; ovules 
1, 3, or many in each cell, anatropal; style 1; stigmas generally 3^ 
sometimes 1. Fruit a 8-valved capsule, with locuhcidal dehiscence, 
sometimes indehiscent. Seeds with the testa neither black nor crusta- 
ceous; embryo very minute, near the hilum, within fleshy or cartila¬ 
ginous albumen.—^Herbs, with fasciculated or fibrous roots, hollow, 
grooved, or flat leaves, with parallel veins. They are natives chiefly 
of the odder rc^ons of the globe. Many species of Juncm are used 
for makmg the bottoms of chairs, mats, &c., and the central cellular 
■tissue firitas the wicks of rush lights. There are 14 known genera, and 
up'^ards of 200 species. Examples —Juncus, Luzula, Narthecium, 
Astdia. 

1($8. Order 201.— PBlnue, the Palm Tribe. {Mono-perigyn.) 
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Mowers bisexual or unisexual, or polygamous. Perianth 6-parted 
in a double row (fig. 757); 3 outer (calyx) fieshy, or leathery 
and persistent (figs. 752 c e, 756 c), 3 inner (corolla) often larger 
(fig. 752 c j), and sometimes deeply connate. Stamens 6 (figs. 758, 
757), rarely 3, sometimes 00, inserted into the base of the peri¬ 
anth. Ovary fiee, 1-3-oelled, usually composed of 3 carpels, which 
are more or less completely united (fig. 755); ovides 1-3. Fruit 



ilrupaceous, or nut-like (fig. 756), or baccate, often -with a fibrous 
covering. Seed with cartilaginous or homy albumen (fig. 520), which 
is often raminate (fig. 497), or furnished with a central or lateral 
uavity; embryo small, cylindrical, or flat, in a cavity of the albumen, 
remote from the hilum (figs. 497, 520).—Arborescent plants (fig. 
115, 1), with simple, rarely branched tninks, marked with the scai-s 
of the leaves, which axe terminal, pinnate, or fan-shaped, with plicate 
vernation, and parallel simple veins, and often spiny petioles. Flowers 
on a terminal, often branched spadix, enclosed in a 1- or many-valved 

Figs. 762-756.—Organs of fnictification of Areca Catechu, Betel<zmt Palm, to illaBtra.te the 
mitural order Palnue. 

Fig. 762.—Unexpended flowcr-bad. c Outer division of the perianth, c «, Inner perianth. 

l''ig. 763.—Diagram of the flower, showing the two verticils of the potimitli, tlie sbe stamens, 
and three abortive carpela a, The position of the axis of inflorescence in r^crence to tiic 
flower. 

Fig. 764 .—A flower deprived of its perianth, in which the stamens, e, arc partly abortive, while 
the ovary, o, is developed, s, Stigma. 

Fig. 76&—Diagram of the last flower, showing the double perianth, the iiartially alK>^ve 
stamens, and the 3>cel}ed ovary, a, Axis of inflorescence. 

Fig. 766.—Fruit,/ surrounded at its base by the persistent perimitli, c. 

Hlg. 767.—Flower of Chanuerops hnmilts, European Fan-Palm, seen flrom above. There are six 
divinons of the perianth, six stamens, and the ovaiy. 

2 M 



580 


FALMiB. 


spatha. Natives of tropical regions chiefly, and imparting to them 
much of their botanical physiognomy. Most of them have unbranched 
stems, attaining sometimes a height of 180 feet, and sending out clus¬ 
ters of large leaves, from the axil of which bunches of flowers proceed. 
Although the flowers are small, still the inflorescence, taken collec¬ 
tively, has often a most imposing aspect. Humboldt describes their 
effect on the landscape in glowing coloturs, and Martins has illustrated the 
order by splendid deUneations. Linnaeus called them the Princes of 
the Vegetable Kingdom. Lindley states that there are 73 known 
genera, and 400 species; but this estimate probably falls short of the 
total amount, for mudb still remains to be done in the elucidation of 
the species. They have been divided by Martins into various tribes, 
depending chiefly on the nature of the ovary, ovules, and fruit; and 
sections are formed according as the leaves arc pinnate or flabellifomi, 
and the stems are spiny or not. The following are the tribes:—1. 
Arecineaj, the Betel-nut tribe. 2. Lepidocaryina!, the Sago tribe. 3. 
Borassina:, the Palmyra Palm tribe. 4. Corj'phinse, the Talipot and 
Date tribe. 5. Coooinaj, the Coco-nut tribe. Easamples —^Areca, 
Euterpe, Caryota; Lepidocaryum, Calamus, Sagus; Borassus, Lodoi- 
cea; Coiyph% Livistona, Phmnix; Cocos, Ehiis, Aerocomia; Phyte- 
lephas. 

1084. Tlie properties of the plants of this order are very various. 
In the countries in which they grow, they arc used for supplying food, 
and for forming habitations. The fruit of some is eatable, while that 
of others is extremely hard. Many sujjply oil, wax, starchy matter, 
and sugar, which is fermented so as to form an intoxicating beverage. 
Their fibres are employed for ropes, and tlie reticulum surrounding 
their leaves is sometimes manufiictured into brashes. 

The Palm of the Bible, mn, seems to be Phmiix (lact^lifera, the 
Date, the drupaceous fruit of which supplies food to many of the in¬ 
habitants of .^abia and Africa. Cocos nuafera (fig. 115, 1), the Coco¬ 
nut Palm, is one of the most useful, supidying food, clothiug, materials 
for houses, and utensils of various kinds, ropes and oil. The sugar 
procured fiom it is called Jagery, and is fermented so as to form arrack. 
The fibrous part of its fruit is manufactured into Coir-rope. Tlie 
wood of the Coco-nut Palm is known by the name of porcupine wood.- 
The terminal bud of the Coco-nut Palm, as well as that of Euterpe 
moiUanob, the Cabbage Palm, are used as culinary vegetables. Ihe 
Double Coco-nut of the Seychelles islands is produced by Lodoicea 
Seychellarum. The palm-oil imported from the west coast of Africa is 
obtained by bruising the fruit of Ekds gtdneenm and ntehtwcocca. 
The oil-bearing palms arc in the tribe Cocoinas. The Betel-nut is the 
produce of Areca Catechu, and from it an extract is prepared of an 
astringent nature resembling Catechu. The seeds or nuts form an 
ingredient in the eastern masticatory called Pan or Betle, and which 
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seems to owe its stimulating properties to the leaves of the Piper Betd. 
Sago, and starchy matter allied to it, is obtained from many Palma 
It is contained in the cellular tissue of the stem, and is separated by 
bruising and elutriation. Fine sago is said to be procured fern Soffus 
IcBvis or inerrtds, a native of Borneo and Sumatra; S. H/OmphU or 
farirdfera, a native of Malacca; and Sapuerua Bumphii or saccharifer, 
which is found in the eastern islands of the Indian Ocean. After the 
starchy matter is washed out of the stems of these Palms, it is then 
granulated so as to form sago. A single tree, it is said, will yield 500 
to 600 pounds. The last-mentioned Palm also ftimishes a large supply 
of sugar. Sago, as well as sugar and a kind of Palm-wine, are pro¬ 
cured from Cayota wens. The date sugar of Bengal is the produce 
of Phcmvix sylvestris. Ceroxylon or Iriartea Andicola yields wax, which 
forms a coating over its trunk. Corypha cerifera, Camahuba Palm, is 
another wax palm. Its trunks are imported into Britain, and have 
been used for veneering. It is much used in the northern parts of 
Bnudl, as at Aracaty, for thatch, hats, packsaddles, stakes, and palisades. 
The wax is procured by shivking the leaves, which have a glaucous 
bloom. Each leaf will yield fifty grains. A reddish resinous matter 
is yielded by Calamus Draco. It is one of the substances called Dra¬ 
gon’s-blood, and is used for coloumg. The whalebone-like bristles 
which surround the base of the leaves of some species of Sagus and 
Sagwrus are used for brushes. The thinner stems of Palms, as of 
Calamus Scipionum and Itotang, arc used as canes under the name of 
Tiattans. Calamus Rvdentmn, the Cable Cane, a native of the East In¬ 
dies, Cochin-China, and the Moluccas, grows sometimes to the length 
of 500 feet. The fimit of Attaka Jurdfera is known by the name of 
Coquilla-nuts, and its har d pericarp is used for making umbrdla- 
handlcs, &c. It scorns to supply a fibre used in manufacture under 
the name of Piassaba. The liard albumen of Phytelqihm macrocarpa 
is used in the same way as ivory. Hence the pkmt is called frie 
Ivory Palm. Tlie spatha of Mardcuria saccifera comes off in the form 
of a conical cap, and is used as a covering for the head in the West 
Indies. Chamoerops humilis is tire only European species of Pahn. It 
is able to stand the climate of this country widi slight protection during 
winter. A specimen in the Edinburgh Botanical Garden has lived 
in the open air for upwards of thirty years. It is covered with mat¬ 
ting dtuting winter. The Doom-palm of Egypt {Hyplume thebaim) 
has a trunk which divides in a dichotomous manner. Its pericarp 
is used as food, and has the taste of gingerbread. Acroconda sclero- 
carpa is the Macahuba-palm of Brazil; Mauritia vmifera is the Buriti- 
palm, the stem of which, when perforated, yields a reddish juice, 
having the taste of sweet wine. Among the Palms which have 
flowered in the Edinburgh Botanical Garden may be mentionedr-r- 
various species of Cliamoedorea, Eieterpe rnomlwm, Chamcerops hunzts. 
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Lintiona chinengis, Harina caryotoides, Areca triandm, Corypha wnbra- 
Phoenix sylvetltm. 

1085. OrdOT 202.—CoMMiTaaoeie.the Spider-wort Family. (Jlfowo- 
hypogyn.) PCTiantii ia 2 verti^s; outer (calyx) herbaceous and tripar¬ 
tite; inner (cordla) petsdoid, tripartite or trradL Stamens 6 or fewer, 
hypogynous, some of them occasionally abortive or deformed; anthers 
introrse. Ovary 3-celled; ovules few in each cell; style 1; stigma 
1. Fiuit a 2-3-cdled, 2-3-valved capsule, with loculicidal dehiscence. 
Seecb <rften in pairs, with a lateral and linear hilum; embryo pulley¬ 
shaped, antitropal, in a cavity of deshy albumen, remote from the 
hilum.—^Herbs with flat narrow leaves, which are usually sheathing 
at the base. Natives chiefly of warm climates. Some have fleshy 
rhizomes, which are used for food. Tradescantias, Spider-worts, have 
moniliform staminal hairs, in which a movement of granules is dis¬ 
tinctly seen under the naicroscope (fig. 225). There are 17 genera, 
and 264 species. Excmpks —Commelyna, IVadescantia, Mayaca. 

1086. Order 203.—AilnuMcm. the Water-plantain Family. (jV/o/w- 
hypog.) Perianth in 6 divisions and 2 verticils; outer whorl usually 
herbaceous; iimer usually petaloid; sometimes the perianth is want¬ 
ing. Stamens definite or 00, hypogynous; anthers introrse or extrorse, 
Ovaries 3, 6, or more, distinct or united; ovules erect or ascending, 
solitary or in pairs. Styles and stigmas equal to the number of car¬ 
pels. Fruit of several dry, indehiscent carpidia. Seeds 1-2 in each 
carpel, exalbuminous (fig. 525); embryo straight, or curved like a 
horse-shoe; radicle next the hilum.—^Plants growing in flowing or 
stagnant water, usually with a creeping rhizome, parallel-veined leaves, 
and hermaphrodite or unisexual flowers. Natives both of tropical and 
temperate regions. The limits of the order are not well defined. It 
has been divided into two suborders:—1. Alismcm, inner perianth 
petaloid, anthers introrse, embryo crurved or hooked. 2. Juncagineaj, 
inner perianth herbaceous, sometimes perianth 0, anthers extrorse, 
embryo straight, plumtile coming through a slit in the embryo (fig. 
504). They have few important properties. Some are acrid, otheiis 
have eatable rhizomes. There are 5 known genera, and about 70 
species. Examples —Alisma, Sagittaria; Triglochin, Scheuchzeria. 

1087. Order 204.—Bntomacoie, the Flowering-rush Family. {Mom- 
hypog.) Perianth of 6 parts, in 2 verticils (fig. 381, 2); outer usually 
herbaceous; inner petaloid. Stamens definite (fig. 381, 2, eo, ei), or 
00, hypogynous. Ovaries 3, 6, or more, distinct or united, l-c^ed 
(fig. 381); ovul(» 00; stigmas simple, as many as the carpels. Fruit 
consisting Of several foUides, which are either distinct (fig. 393) and 
beaked, or combined. Seeds 00, minute, attached to the whole inner 
surface of the pericarp (fig. 394), exalbuminous; embryo often curved 

a horse-shoe; ramde next the hilum.—^Aquatic plants, often 
^tescent, with parallel-veined leaves, and frequently umbellate 
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(lowers. They are chiefiy found in nordiem countries, and some of 
them have acrid and bitter properties. BrOomm umidlatus, Flower^ 
ing-rush, is the only British plant in the class Enneandria of linneus. 
Lmdley gives 4 genera, including 7 species. Exampks —^Butomus, 
Limnocharis. 

c.—Flowers incomplete, often unisexual, without a proper perianth, 
or with a few verticiUate scedes. 

1088. Order 20(5.—Pandanacete, the Screw-pine Family. (Mono- 
hi/pog.) Flowers unisexual or polygamous, covering tlie whole of the 
spadix. Perianth 0, or a few scales. Male flowers; Stamens numer¬ 
ous; filaments with single anthers, which are 2-4-oelled, Female 
(lowers: Ovaries 1-celled, united in parcels; ovules solitary or 
numerous, anatropal; stigmas sessile, equal to tlie carpels in number. 
Fruit either fibrous drupes collected into parcels, or berries. Seeds 
solitary in the drupes, numerous in the berries; embryo at the base 
of fleshy albumen; radicle next the hilum.—^Trees or bushes, some¬ 
times with adventitious roots (fig. 115, 2), long, imbricated, amplexi- 
caul leaves, usmilly with spiny margins and backs. Natives of 
tropical regions. The order is subdivided into two sections;—1. 
Pandaneie, tmdivided leaves and no perianth. 2. Cyclanthe®, fan¬ 
shaped or pinnate leaves, flowers with a few scales. There are 7 
genera, according to Lindlcy, and 75 species. Examples —^Pandanus, 
Freycinetia; Cyclanthus, ((arludovica, Nipa. 

1089. The flowers of some of the plants are fi:agrant, and their seeds 
arc sometimes used as food. The juice has in some instances astrin¬ 
gent properties. The species of Pandanus are remarkable for their 
aerial roots, with large cup-like spongioles. These roots are sent out 
regularly from all parts of their stems, and appear like artificial props 
(fig. 115, 2). Their spermoderm has numerous raphides. Their 
leaves are arranged in a spiral manner in three rows, and in their 
aspect they have some resemblance to those of the pine-apple—Whence 
the name Screw-pine. Pandanus Canddahra is the Chandelier-tree 
of Guinea, and is so called on account of its mode of branching. 

1090. Order 206.— Anem, the Arum Family. {Mono-hypog.) 
Flowers generally unisexual, rarely bisexual, endosM within a spatha, 
and usually on a spadix (fig. 289), having male flowers at its upper 
part, female below, and abortive flowers between them (fig. 239, 2). 
Perianth either 0, or in the g (lowers rudimentary and scaly. Stamens 
definite or 00, hypogynotts; anthers extrorse. Ovary fi:ee, 1- 8- or 
more celled; ovules solitary or numerous; style short or 0; stigma 
simple. Fruit succulent or dry, indehiscent, one, veiy rarely three- 
celled; seeds one or several; embryo in the axis of fleshy or mealy 
albumen, sometimes with a lateral cleft for the plumule; radicle usually 
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nejct tJie hilam.—^Herbaceous or shrubby plants, often -wifti tubers or 
creetping rhizomes, leaves sheathing at the base, and having parallel 
or branching veins (fig. 289,1). They occur in dry and marshy places, 
and in lakes in various parte of the world, abounding in the tropics. 
The order has been divided into four suborders:—1. Arinese, Cuckoo- 
pint tribe (fig. 239); naked flowers with a spadix and spatha, 'S 5 , 
anthers sessile, ovules several, finit succulent, seeds pulpy. 2. ly- 
phinesB, Bulrush-tribe; marsh or ditch plant^ with nodeless stems, 
flowers S $, with a scaly or hairy perianth, arranged on a spadix with¬ 
out a spatha, anthers wedge-shaped on long filaments, ovule solitary, 
fifuit dry, seed with adherent pericarp. 3. Acore®, Sweet-flag tribe; 
flowers 51 , having usually a scaly perianth, arranged on a spathaoeous 
spadix, ovules 1 or more, fhiit a berry. 4. Pistie®, Duckweed tribe; 
flowers S 5 , naked, enclosed in a spatha without a spadix, ovary 
1-oelled, ovules 2 or more, firuit membranous or capsular. The order 
includes 47 genera, and 273 species. EocamjAes —Arum," Caladiuin, 
Colocasia, Calla; lypha, Sparganium; Acorus, Orontium, Pothos; 
Pistia, Lemna. 

1091. The general property of the order is acridity. Sometimes 
the plants are dangerous irritant poisons. In some instances the 
rlpzomes 3 deld much starchy matter, and when boiled or roasted, are 
used as substitutes for yams, imder the name of Coco. The starch 
maybe separated and used as Arrow-root. Thus, Portland Sago'is 
prepared firom the rhizome of Arum maaidodum, common Cuckoo-pint, 
or Wake-Eobin. Dieffenbachia seguina (Oaladium seguinum), is c^ed 
Dumb-cane, on account of the swelling of the tongue caused by 
chewing the plant. Many of the plants of this order give out heat in 
a mmrked degree during flowering (T 475). Some send out aerial 
roots, by means of which they climb upon trees. Drmmtium pertumm 
has perforated leaves 137). Symplocarpus fmtidus, Skunk-cabbage, 
has a very disagreeable odour. Its rhizome and seeds have been used 
as anii-spasmodics. Etchardia africana, with its white spatha, is 
commonly cultivated under the name of iBthiopian lily. The root- 
stock of Acorm CcAamm, Sweet-flag, has an aromatic odour, combined 
with a bitterish acrid taste. It has been used as a stimulant and tonic. 
In TypJui tadifolia, Great Reed Mace, the pollen is abundant and 
easily collected and fiom its inflammable nature has been used as a 
substitute for the Lycopodium spores. The young shoots of T. latifiAia 
and angustifolia are eaten by the Cossacks like asparagus. The l^ge, 
fleshy, amylaceous rhizomes are eaten by the Kalmucks. Lemnos, 
Duckweeds, are common in ditches in temperate regions. Their 
flowers are very simple, one male, and the other femrie, without a 
perianth, enclosed in a membranous bag; their roots are simple 
fibres, covered with a sheath. Pisiia Stratiotes floats in lakes in 
tropical cojintries. 
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1092. Order 207.— N«liidiice>e or Potanen, the Naias or Fondweed 
Family. {Mom-hypog.) Flowers hermaphrodite or unisexual. Pe¬ 
rianth of two or four herbaceous or scdy pieces, often deciduous, 
sometimes 0. Stamens definite, hypogynous. Ovary firee, of one or 
more carpels; ovule solitary; style 1 or 0; stigma 
entire,' rarely 2-3-parted. Fruit dry, 1-celled, 
usually indemsccnt. Seed solitary, erect, or pendu¬ 
lous, exalbuminous; embryo straight or curved, 
usually with a lateral slit for the phunule (fig. 758); 
radicle large (figs. 499, 758).—Plants living in 
fresh and in salt water, having cellular leaves with parallel veins and 
inconspicuous flowers. They are found in various parts of the world. 
Tliey have no properties of importance. Zostera marina, is used ii| 
the dried state for stulfing mattresses, and has been recommended for 
hospitals. Ovmramim (ITgdrogetm) fmestraUs has peculiar skeleton- 
like leaves (fig. 131). Aponogeton distachyum, a Cape aquatic, has 
grown well for many years in the open pond of the Edinburgh Botan¬ 
ical Garden. CauUnia fragilis is one of the plants in which Hotataon 
has been observed. There are 19 known genera, and upwards of 70 
species. Examples —^Naias, Zanniehellia (fig. 505), Potamogeton (fig. 
130), Ruppia, Zostera. 

1093. ()rder 208.—Beirtiaceio, tlie Restia or Cord-rush Family. 
{Mono-perigyn.') Flowers fi’equently unisexual Perianth glumaceous, 
sometimes 0. Stamens definite, perigynous, when two or three in 
number opposite the inner glumes; anthers usually 1-celled. Ovaiy 
1 or more celled, sometimes composed of several carpels; ovules soli¬ 
tary, pendulous; styles and stigmas 2 or more. Fruit capsular or 
nucumentaceotis. Seeds pendulous; embryo lenticular, outside mealy 
albumen, remote firom the hilum.—^Herbs or undershrubs, with narrow 
simple leaves or none, naked or sheathed culms, and spiked or capi¬ 
tate, bractcated flowers. They are found chiefly in America and 
New Holland. They have few properties of importance. The tough 
why stems of Willderwvia teres and some JRestias, are used for making 
baskets and brooms. Ermcauhn septangulare is a native of Britain, 
being found in the Isle of Skye, as well as in the west of Ireland. In 
Brazil there exist branched Enocavions six feet high. In 1764, Linnffius 
described only 5 species of Eriocaulon in all the world, while Gardner 
collected in Brazil 100 species. The Diamond districts of BrazLL are 
great centres of Erwcaadons. There are, according to lindley, 36 
genera, and 286 species. Examples —^Restio, Centrolepis, Eriocaulon. 

Fig. 7fiS.--£inbr}ro of Zostera In the natnrel order Kiiiadacese. c. Cotyledon, r, Rndlcle. 
h Latersl swelling I'oimected with the radicle; /, Slit for the plumnle, which lies in a cavity of 
the very large caatcle. 
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Sabclass 3.—GLimAoa®. 

1094. Flowers glumaceotis, 'consisting of bracts or scales, which are 
imbricated, and not arranged in true verticils. Leaves with parallel 
veins. 

1095. Order 209.—Cypcnicne. the Sedge Family. (Mono-hypog.) 
Flowers hermaphrodite or unisexual, generally without a perianth. 
Each flower iuroished with a solitary bract (glume or scale). These 
bracts are imbricated upon a common axis, and the lowermost are 
often empty. Occasion^y they enclose two or three opposite mem¬ 
branous bracts or glumes. (In the female flower of Carex, the two 
inner bracts receive the name of Perigynium). Stamens hypogynous, 
definite, 1-12-; anthers dithecal, innate. Ovary 1-celled, often sur- 
roimded by hypogynous bristles (setse), which are probably abortive 
filaments; ovule erect, anatropal; style single, 2-3-cleft; stigmas un¬ 
divided, sometimes bifid. Fruit a crustaceous or bony achsenium or 
nut (fig. 519); embryo lenticular, enclosed within the base of fleshy 
or i^naceous albumen (fig. 519 e); plinnule incon¬ 
spicuous (fig. 759).—Grass-like herbs with fibrous roots. 

Their stems are solid, often without joints, sometimes 
creeling (fig. 91), fi:equently angular. The leaves are 
narrow, and their sheaths are entire, not slit. They 
are found in all quarters of the globe, and in various 
localities, iiom the sand on the shore, to the tops of 
the mountains. Many of them occur in marshy ground. 

Lindley enumerates 112 genera, including 2000 species. 

Examples —Cyperus, Eiiophorum, Scirpus, Fuirena, Cladium, Schoe- 
nus, Sderia, Elyna, Carex. 

1096. None of the plants of the order possess important medicinal 
qtialities. The creeping stems of Carex arenaria, disticha, and liiria, are 
diaphoretic and derntdeent, and have been used in medicine under the 
name of German Sarsaparilla. Papyrus antiguorwn is the Papyrus of 
the Nile, the cellular tissue of which was used in the manufacture of 
paper. Some say tliat the word mqi in the Bible, translated Bulrush, 
is either the Papyrm or a species of Cyperm. The word nrw has 
been translated Paper-Keeds. The species of Ervaphorum are called 
Cotton-grass, on account of the woolly-like substance which is attached 
to the b^ of the ovary. Some species of Cyperus have tubers at the 
lower part of their stems, which are used as food. The roots of Cy¬ 
perus Icmgus have been used as bitter and tonic remedies, while those 
of C. odorodm are aromatic. Some species of Scirpus axe used for 

Fig. 759.—^Emiiryo of Cttrex depanperata, (Separated to show the stmctuTe of that body in tb<* 
natural order Cypmeeffi. r, Radicle, e a, Cotyledon. Slit for the plmunle. 
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making chair bottoms. Some of the Caricea, with their creeping stems, 
tend to bind together the loose sand on the sea-shore. 

1097. Order 210.—Ommiaeie, the Grass Family. {Mono-hypogyn.) 
Flowers usually ^, sometimes unisexual or polygamous; 1, 2, or 
more (some occasipnally abortive), are attached to a common' axis, 
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Figs. 760-7^—OrganB of frootiilcation of Avf^a sativa, common cultivated Oat, to illustrate 
the natural order Gramineie. 

Figa 760.—'SpUccIct of the Oat a, AxIn (»f inflorescence or rachis, g e, Exterior or lower 
glume, jr i, Inner or upper glume. //, inferior flower, /a, Two upper abortlYe flowers. 

fig. 761.—The some sp&elet with tlio envelopes separated to show the mtemal parts, a a, 
Axis of Inflorescence, ge, Outer glume, j/i, Inner glume. »«, Outer palea of the fertile flowfa*, 
with its awn (arista), p t, Inner palea, deit at the apex, and apparently fbrmed hy two united, 
e, Tlirce Rtomena o, nsti) consisting of the ovary, and two stylea /a, Two ahortlve flowers. 

Fig. 762.—Diagram of the sptkolct g e, Outer glnine. g t, Inner glume, p e, Outer palea 
'Vitb awn; the inner palea being opposite, e, Stamens, o, Hstfl. Ii; Scales or lodlcnl&e. 

Barren flowera 

f ig. 763.—Fertile flower depiiv(^ of glumes and pales, e, Three stamens wlUi versatile 
cleft anthers, p, Scales (squamse or lodtcuUe) jmrtially united, o. Ovary ultimately forming 
the grain, wh!(m consists of pericarp and seed combined, ss, Two styles with feathery 
stigmas. 

Fig. 764.—Vertical section of the Caiyopsis (ftidt or grain), with the upper portion cut otC. 
ft, Integuments (rfthecaryopals and of me seed united, jpjo, Ferisperm. e, Embryo, r, Aadiclo. 
c a, Co^ledon. /, Slit corresponding to the plnmule. 

Fig. 766.—Embiyo separated, r, Badicle. co, Cotyledon. /, Slit corresponding to the 
plumule. 
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and enclosed 'vnthin bracts, tbe whole together forming a locusta 
or ^ikdet (figs. 760-762). The outer imbricated bracts are called 
glumes; they axe usually 2 (figs. 760, 761 ge gt), sometimes 1, 
rarely wanting, and often unequ^. They are either awned (aristate) 
or awnless (muticous). The bracts enclosed within the glumes axe 
called palese or glumeUaj; they immediately enclose the stamens, are 
usually 2, the lower being simple, and the upper being formed of 
2 united by their margins (fig. 761 pepi). Ihe innermost set of 
bracts consists of two or three hypogynous scales (squamules, glumel- 
lul», or lodiculse), which are either distinct or combined (fig. 768 y>), 
and are sometimes wanting. Stamens hypogynous, 1-6 or more; 
anthers ditheoal, versatile (figs. 337, 768 e). Ovary simple (fig. 763 o); 
ovule ascending, anatropal; styles 2 (fig. 768) or 3, sometimes rmited; 
stigmas feathery or hairy (fig. 410, 76^3 ss). Fruit a caryopsis (fig. 
467). Seed incorporated with the pericarp; embryo lenticul^, lying 
on one side of farinaceous albumen (fig. 495), near its base (figs. 764, 
765); endorhizal in germination (fig. 124).—Herbaceous plants, with 
cylindrical, hoDow (fig. Ill), and jointed stems, called culms; alternate 
leaves, with a split sheath and a membranous expansion at the jrmetion 
of the petiole and blade, called a ligule (fig. 194), the collections of 
flowers (looustss) being arranged in spikes, racemes, or panicles. 

Discusfflons have arisen as to the true nature' of the paleas in 
grasses. Brown thinks that the upper palea is composed of two 
parts united, while the inferior palea is the third part. The arrange¬ 
ment is thus tiimerous, and bears a relation to the scales or lodiculee. 
Mohl on the other hand states, that the inferior palea is not on a 
level with the other, and is in fact a bract from which the other is 
developed. From iheir alternate position, the parts of the flowers 
of grasses are in general looked upon as bracts, rather than as parts 
of a true perianth. ■ The following may be gjven as a general view of 
the parts of the flower:— 

1. Outer envelope; One or two glumes, the calyx of some authors, containing 

one or more flowers, with distinct insertions on a common axis. When 
one glume is suppressed it is the exterior or lower. 

2. Inner envelope: One or two palea;, corolla of some authors, calyx of Jussieu. 

Inner or upper palea sometimes suppressed. This palea (valve) consists 
usually of two confluent valves, as shown by two ribs equidistant from the 
axia Hence this envelope is, according to some, a ternary perianth. 

3. Sqnamula: (scales,'lodicnhn. or glumellulis), occur within the last envelope, 

and at the base of the ovary. 

Gxaases are' fcund in all quarters of the globe, and are said to form 
about ^ sf known plants. In tropical regions they sometimes 
assume tiw i^earanoe of trees. They generally grow in great quantity 
together, «»- as to receive the name of social plants. The orfer has 
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been divided into ninnerous sections, ibnnded on the ntunber of flowers 
in a spikelet, their hermaphrodite, unisexual, or polygamous nature, 
the number and form of the difierent sets of bracts, and the nature of 
the fruit Lindley enumerates 291 genera, including about 3800 
species. JlcaBipfes—Oryza, Zea, Phalmds, Panioum, Stipa, Agrostis, 
Arundo, Echinaria, Chloris, Avena, Bromus, Festuea, Bambusa, 
Ix)lium, Triticum, Hordeum, Nardus, Eottboellia, Andropogon, 8ac- 
charum. 

1098. This is one of the most important orders in the vegetable 
kingdom, whether we regard it as supplying, food for man, or herbage 
for animals. To the former division belong &e nutritious cereal grains, 
as Wheat {Triticum), Oats {Avmd), Barley (Hordeum), Eye 

Eice (Oryza), Maize (Zea), Guinea-corn and Millet {Sorghum smd 
Panicum)', to the latter, the vanous pasture grasses, as Eye-grass 
(LoUam), Timothy-grass (PJileum), Meadow-grass (Poo), Cock’s-fbot- 
grass {DaetyUs), Sweet Vernal-grass (Anihoxanihum), Fescue (Festuea), 
Dog’s-taU-grass (Cynosurm), &c. Ihe grains of many other grasses 
are used for food. Zizania aguatica supplies a kind of rice in Canada, 
Setaria germanica yields German millet, Panicum mUiaceum gives a 
kind of millet in India, and Andropogon Sorghum has been sent to this 
country under the name of Durra, an Indian grain. Phalaris eana- 
•limsis is the source of the common Canary seed. The cereal grains 
liave been so extensively distributed by man, that aU traces of then- 
native country are lost. Tliey seem to l)c in many instances examples 
of permanent varieties or races kept up by cultivation. Their grain 
or caryopsis contains a large amount of stardi (figs. 85, 36) and gluten. 
The grasses used for fodder in some parts of the world attain a large 
size, such as Anthistiria. australis, the Kangai-oo-grass of New Holland, 
Tripsacum dactyloides, the Gama-grass of Mexico, and Dactyl^ caspi- 
tosa, the Tussac-griiss of tlie Falkland islands. Some of these are five 
or six feet in height, and are nevertheless sufficiently dehcate to be 
used as food for animals. Tlie Tussac has been inti^uced into this 
country, and it thrives well in peaty soils within the influence of the 
sea spray. It promises to be a valuable grass in the Hebrides of Scot¬ 
land. 

1099. Sugar is a valuable product obtained from many grasses. It 
has been procured in Italy from Sorghum saccharatum, sweet Sorgho; 
in China, from Saccharum sinense; in Brazil, from Ghp.eri.um aaccha- 
roides; in the West Indies, firom Saccharum violaceum; and in many 
otiier parts of the world, from S. offleimrum. The last two are com¬ 
monly known as Sugar-cane, and they are generally considered as 
varieties of a single species, Saccharum offiemarum, which is now -widely 
spread over various parts of the world. Six or eight pounds of the 
saccharine jvdoe of the plant yield one pound of raw sugar. The fol¬ 
lowing were the imports of sugar into &eat Britain in 1848:— 
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West Indies,.121,600 tons. 

Mauritius. 43,600 — 

East Indies,.. . 65,200 — 

Java and Manilla,. 11,000 — 

Havasa, Porto-Bico, and Brazil,. 76^900 — 


Total,.318,300 tons. 


1100. Some grasses have a very agreeable fragrance. This has 
been remarked in Anthoxanthum odorcitum, -which is hence called 
sweet-scented vernal grass, and is said to impart the odour to new- 
made hay in this country. Other grasses have the same property, 
which has been referred to the presence of benzoic add. A fragrant 
oil is procured from some species of Andropogon, as A. Schmumthm, 
Lemon-grass, and A. Calamus aromaticus, which seems to be the mpv 
or tstsasnp, the Sweet-cane of the Bible. Grasses contain a large 
quantity of siliceous matter in their stalks. This is deposited so as to 
form part of their structure, and in some cases it accumulates in the 
joints. The tabasheer in the joints of Bambusa anindinacea, the Bam¬ 
boo, is composed of silica. This is one of the tree-like branching 
grasses, which sometimes attains a height of fifty or sixty feet It 
shoots up with great rapidity. In the Edinbiurgh Botanic Garden, the 
young shoots attain a height of tliirty or forty feet in a few months; 
and &e late superintendent (Mr. W. M‘Nab) measured, dtiiing a long 
summer day, a growth of the young stem to the extent of seven or 
eight inches. Most of the species of Bamboo have hollow stems, which 
often attain a diameter of many inches. Gardner mentions a large 
spedes of Bamboo {B. Tagoara) having a stem 18 inches in circum¬ 
ference, and attaining a hdght of 50 to 100 feet. The touch-paper 
of the Chinese is made from a variety of Bamboo, by beating the young 
shoots flat, steeping them in a lime pit for a month, and then- washing 
and drying. A -kind of paper is made from the Bamboo in India. 
Its yoimg shoots are used as pickles. The hollow stems of some reeds 
in warm climates supply refreshing water to travdlers. 

1101. The stems of some grasses run tmder ground, and form a 

sort of network, which is useful in consolidating die sand of the sea- 
sliore. Elyitms arenarius and AmmopUla {Psamtm) armaria consti¬ 
tute the Bent and Marram of the British shores. This tendency to 
creep under grotmd, renders some grasses, such as Triiscum repens. 
Couch-grass, difificult of extirpation. The grains of some grasses are 
used for ornaments. Beads are nuide from those of Coix ZMchrgma, 
commonly called Job’s-tears, from their form and hardness. A few 
grasses, as Bromus purgans and catharticus, have purgative properties; 
and one, LoHum tenuilentum (jnfdxe loUum), Damd-grass, is poisonous. 
Some suppose that it is the tares, of Scripture. The grains 

of Eye, and other grains, are liable to a disease called Ergot, depend¬ 
ing on the attack ^ a fimgus which alters the texture of the ovary, 
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!ind makes it assume an elongated spurred form, “nie Ergot of Rye, 
or spurred Eye, has a peculiar effect in promoting the contraction of 
the uterus, and is on this account used in mediome. Ergotted rye, 
when regularly used for food, has the effect of causing what has been 
called convulsive and gangrenous ergotism, the former disease being 
distinguished by insensibUity and convulsions, ending in death; the 
latter by dry gangrene, which attacks the fingers and toes, causing 
sloughing of these parts, and sometimes proving fatal by exhaustion. 
'ITie poisonous effects of Ergot are attributed to the presence of a fixed 
oil. 

1102. Order 211.— BUnuuhece, the Rhizanth or Ehizogen Family. 
{Apet. Didin.) Flowers usually moncecious or dioecious, sometimes 
5 . Perianth more or less perfect, superior, trimerous, tetramerous or 
pentamerous, sometimes olmlete or 0. Stamens united, often in a 
fleshy column, to which the anthers cohere, dithecal, extrorse, opening 
longitudinally or by pores. Ovary inferior, 1-2-c^ed; ovules defi¬ 
nite or 00. Fruit indehiscent, pulpy, usually xinilocular. Seeds 
sometimes solitary and pendulous, at other times 00, and attached to 
parietal placentas; embryo albuminous or exalbuminous.—Leafless, 
scaly, parasitic plants, having a fungus-like appearance. They are 
never green, but assume a brown, yellow, or purple coloru. They are 
composed chiefly of ccUular tissue, with a few scaJariform and spiral 
vessels. They are often stemless, and sometimes are furnished with a 
creeping rhizome. In their mode of decay they resemble Fungi. Their 
seeds present a peculiar appearance, resembling spores rather than true 
seeds. The nature of their embryo is undetermined, and their place in 
the natural system is still doubtful. Lindley has placed them in a sepa¬ 
rate clijss, intermediate between Thallogens and Endogens. They have 
lieen divided by him into three distinct orders:—1. Balanophoracea;, 
male flowers pedicellate; stamens 1-3; filaments and anthers both 
united; ovule solitary, pendulous; fruit monospermous. 2. Cytinacea;, 
flowers in spikes; perianth 3-6-lobed; anthers sessile on a column, 
dehiscing by slits; ovules 00, attach^ to parietal placentas; fiuit 
polyspermous. 3. Eafiiesiacese, flowers sessOe, solitary; perianth 5- 
lobed, with calli in its throat; anthers attached to a column, dehiscing 
by pores; ovules 00, attached to parietal placentas; fruit polyspermous. 
They are natives chiefly of tropical countries, but some extend into 
temperate climates. They are found in the East Indies, South America, 
Cape of Giood Hope, and the south of Europe. Lindley entunerates 
21 genera, and 53 species. Examples —Balanophora, Cynomorium, 
Cytiuus, Kafflesia. 

1103. Some of the plants are astringent, and have been employed 
as styptics. Cynomormm coccineam, commonly known as Fungus meli- 
tensis, grows in Malta, and was long celebrated for arresting hajiuor- 
rhage. Cytinus is parasitic on the roots of Cistuscs in the south of 
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Sipope. CytinuB hypocistis is said to ccmtain gallic add. The spedes 
of Bafflesia axe gigantic parasites, the perianth being sometimes three 
feet in diameter, and capable of holding twelve pints of fluid. They 
are parasitic on the stems of spedes of Cissus, as well as on some 
leguminous plants. B. Patma is employed in Java as an astringent 
and styptic. 

SECTION IL—CRYPTOGAMOUS PLANTS. 

Ci.n9s in. —AcoTn:.BDOjrBS, Jus $. Ceu.tii.aeeb and Mono-oeyptogame.«,2)C. 
Thaeuphtta and Aobobbta, jEudlich . Thadugens and Aobooenb, Lindl 

1104. The plants belon^g to this class, are in some instances 
composed entirely of ceUular tissue; in other instance, both cells and 
vessels are present. The vascular tissue in the higher orders consists 
partly of closed spiral and scalariform (fig. 62) vessels. Many of them 
have no true stem nor leaves. The woody stem, when present, 
consists of sirnulmneous vascular bundles, which increase in an acro- 
genous manner (If 103). The stem of 'Tree-fems (which illustrates 
this class) is unbranched, more or less imiformly cylindrical, hollow in 
the interior, and marked by the scars of the leaves (fig. 116). Stomata 
occur in the epidermis of the higher divisions. Leaves, when present, 
have frequently no true venation, at other times the venation is forked. 
There are no jknoers, and no distinct stamens nor pistils. Beprodbustion 
takes place in some cases apparently by the union of cells of difierent 
kinds (antheridia and pis^dia) (If 492), by means of which ger¬ 
minating bodies called spores are formed (fig. 498). In other cases it 
is difficult to trace this process of fertilization. The spore may be con¬ 
sidered as a cellular embryo which has no cotyledons, and germinate.s 
flrom any part of its surfece, being hcterorhizal 591, fig. 530). 

Subclass 1.—AcBooEN.a: on Cobmo&ena:.* 

1105. Acotyledons, having usually distinct stems and leaves, stomata, 
a certain amount of vascular tissue, and thecas or cases containing 
spores. This subclass corresponds in a great measure with the division 
of Cormophyta, called Acrobrya by Endlicher, and with the Foliosa; 
or jEtheogamm of De CandoUe. 

1106. Order 212.—Kquitietacese, the Horse-tail Family. ■ Stem 
striated, hollow, usually branched, containing much silica in its com¬ 
position, articulated, the joints being separable, and surrounded by a 
yiembranous toothed sheath. There axe no true leaves, green-coloured 


* summit, a stalk or stem, and ymdu* to produce. 
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branches having a straight vernation occupying their place. The 
cuticle exhibits a longitudinal series of stomata. A spiral structure is 
observed in some of the vessels. Reproductive organs collected into 
cones; spore-cases (thecee or sporangia) attached to the lower surface 
of peltate polygonal scales (fig. 766), and opening by an internal 
longitudinal fissure (fig. 767); spores in the fbrm of rounded cells, 
surrounded by 2 elastic, club-shaped, hygromctric filaments or elaters 
(figs. 768, 769).—Plants with simple or branched stems, the branches 
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being jointed and placed in whorls at the articulations of the stem, each 
whorl consisting of as many branches as there are teeth in the sheath. 
Found in ditches, lakes, and rivers, in various parts of the world. In 
Soutli America, Gardner measured an E(piigetiim fifteen feet high, and 
three inches in circumference at the lower part of the stem. There is 
only 1 known genus, comprehending about 12 species. Emmpk — 
EijuLsetum. 

1107. From the fiunntity of silicic acid contained in them, some of 
the sj)ecies of Eijuisetmu are used in polishing mahogany. An analysis 
of them is given at if 226. The spiral filaments which surround 
their spores are interesting objects undci’ the microscope, exhibiting 
marked movements according tp the moisture or dryness of the atmo¬ 
sphere around them. The stomata are arranged in lines on the 
cuticle. In Equineinm hi/eimle, often called Dutch Rushes, the sili¬ 
ceous stomatic apparatus is Avell seen aftcT the iiction of nitric add on 
the stem. There ••u'e regular rows of tubercles of a siliceous nature, in 
each of which is a transverse, fissure, and at the bottom of the fissure 
a stoma is placed, with its opening at right angles to that of the 
tubercle. Each portion of tlie stoma has a pectinated (comb-like) 
appearance. Tlie distinctions between the species of Equisetura are 
founded on the nature of the fertile and barren stems, the number of 
struB or furrows, and the number of teeth at the articulations. 

1108. Order 213.—FUices, the Fern Family. Stem, a rhizome 

FifTH. 7H(U7(>9.->-RcT>roductivc ortruns oi Kciuifiotuin, to Illustrate tlie imturtil order li!<]u1setaceu;. 

Fig. 76(J.—A peltfltc or ixilygonul seulo, r, token fiinii tlie teniiiiml eone-like rnietitieatioii of iin 
Kquisetnm. c, Theese or spore-cuseH arranged in a To.rtieil on tbe under suiiuoe of the mtale. 

Stalk by which the scale is attached to the axis. 

Fig. 707.—r, Si)ore>ca 80 seen on its inner mirtkcc, with tlie slit or opening by which tlie spores 
lire disclmrged. 

Fig. 768.—A spore, with the t^^'O olnvate fthnnents rolled up in a apiral manner around it 

Fig. 7^.~8pore, it, with the two tilanienbi, which are clavate at each extremit}% unrolled. 
Tliese filaments or elaters arc hygitimctric, and move about under the influence of moisture. 
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(fig. 770X whicli creeps along or under the surface of the ground, 
emitting descending roots and ascending fronds (leaves), or which rises 
into the air so as to. form an acrogenous trunk (fig. 116). This trunk 
(stipe) is of nearly uniform diameter, is hollow in the interior, marked 
on the hard outer md by the scars (cicatrices) of the leaves, and con¬ 
tains vascular bundles of woody, dotted, and scalariform vessels, whicli 
are enclosed in hard plates, and are arranged in an irregular manner 
(fig. 117). Sometimes the trunk is dichotomous (fig. 118). The outer 
fibrous covering is formed by the bases of die leaves, and is thicker at 
the lower than at the upper part of the stem. The leaves (fronds) have 
a circulate (gyrate) vernation (fig. 770 f f')\ their veins are generally 


of equal thickness, and either simp 

771 




or dividing m a forked manner 
(fig. 771), or somewhat reticu¬ 
lated, and occasionally stomata 
occur. Reproductive organs, 
consisting of spore-cascs (theoe, 
sporangia), whicli arise from tli»' 
A^eins on the under siuface of 
the fronds (figs. 770 /"', 771 «, 
772), or from their margin. 
Sporc-case,s, either stalked, Avitli 
the pedicel passing round them 
in the fonn of an elastic ring 
(fig. 773), or seasUe and desti¬ 
tute of a ring. 1'he theca; some¬ 
times arise from tlie surface of 
the frond, while at other times 
they - spring from below, hav¬ 
ing a cuticular covering in the 
form of an indusiimi or invo¬ 
lucre (fig. 771). The clusters 
of theca; arc called sori (fig. 
772). Hie margin of the frond 
sometimes is folded so as to 
cover the thecse, and at times the 
whole frond is converted into 


Fig. 770.-—Rhlzotnc of Soolopemlrinm offidnalc, with wvcjral fronds Ocaves), 
in di&rent degroeft of devoloj^eiit In f* and/'', tlie uircinate ov c^'atc vernation is n^u. in 
the linear transvenic son or clustera of tlicos are soon, liaving the ai*))earanco of dark Uiios 
on the lower surface of the frond. 

lilg. 771-773.—Frond and fructil)(»tioB Polystietnun angnlare, to Ulustmte tho natural order 
FUlcca. 

Fig. 771.—Part of tiio frond seen on the lower surface, p, 'Fwo pi7>na$ covered with soil, a 
having an induidtun. r, Itachis or central stalk of the frond. 

Fig. 772 ,—One of the aorl or dusters of theem cut veitically. ia, Tlie vein hearing it % In - 
dufdtun or fold of the frond covering it c, Tliecfc or sjiorungia (spore-cascs). 

Fig. 77B.—One of the thecof separated at the iicrlod of dehiscence, o. Inttonipicto annulus or 
ring, which is elastic, and causes traiuverse dehiscence of the theca, Stalk of tlie theca, a, 
Spores dischaiged. 
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clusters of thecse. Certain cellular papill® on the margin or upper 
surface of the fronds have been considered by some as antheridia, 
each of the cells containing a ^iral fibre. link and others state, that 
among the young thecse (pistUidia), filamentous bodies oeexm, which 
are equivalent to stamens.—^Fems are elegant leafy plants, occurring 
chiefly in moist insular climates, and aboxmding in the tropical islands. 
In mild and warm climates th^ occur in the form of large Tree- 
ferns, fifty to sixty feet high, which give a character to the l^dscape. 
The theca of ferns has been looked upon as a modified leaf, having 
the same gyrate or circulate development as the frond. Leaves have 
occasionally been produced in place of tliecaj. Ferns hairing the theca3 
on the back of the frond, and furnished with an elastic ring or band, 
are called dorsiferous and annulate; while those having no thecal ring 
are exannulate. 

1109. Tlie order has been divided into several suborders:— 

1. Polypodieii:, tliecoi on the back of the frond, pedicellate or sessile, distinct, annu¬ 

late, ring vertical, usually incomplete, bursting irregularly and transversely. 

2. Hymenopliylleic, thecas marginal or dorsal, nearly sessile, distinct, annulate, 

ring horizontal, complete, occasionally oblique, bursting lengthwise. 

.■5. Osmundcas, theem dorsal, or forming a separate stalked mass (an altered 
frond), distinct, with a terminal or dorsal ring more or less incomplete, 
bursting lengthwise. 

4. Ophioglossme, thec-Ts collected into a spike, formed at the edges of an altered 

frond, distinct, exannulate, two-valved 

5. Danasem, thecas united in masses, exannulate, opening irregularly by a central 

cleft. 

The generic characters of Ferns are founded on the position and direc¬ 
tion, covered or uncovered nature of the sori, as xvell as on the venation. 
Lindley notictss 192 geuem in his Filictil Alliance, including upwards 
of 2000 species. Kunze estimates the species at 3000. Therei,m* 
not above 700 species cultivated in Europe. In 1846 there were 387 
species grown in the KoyaJ Garden at Kew. Eaxmtples —^Polypodium, 
Aspidium, La-strcii, Gnimmitis, Adhuitiim, Pteris, DavalUa, Woodsia, 
Cyathea; H 3 Tnenophyllum, Trichomjmes, Aneimia, Lygodium; Os- 
mimda; Ophioglossvmi, Botrychixun; Danasa. 

1110. Few of the Ferns are used modicmally. They are in general 
demulcent and astringent. Some yield food. The rhizome of Lastrea 
■Filix-nias, Male-shield fern, has been vised as a vermifuge, especially in 
cases of tape-worm. It contains starch, gum, saccharine matter, tan¬ 
nin, green fixed oil, and resin. Its properties are ascribed to the fixed 
oil. The rhizome has been used for tanning, and its ashes contain mudi 
carbonate of potash. Tbe syrup called capUlaire, and certain pectoral 
mixtures are prepared from A dianHim pedatum and A. Capillus Veneris 
Tlie rhizome of Pteris esculenfa is used as food in Australia, and that of 
Maraitia alata in the Sandwich islands. Many other species of Ferns 
are esculent. The stems and leaf-stalks of Ferns are often covered 

2ir 
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with scales, tmd with woolly matter. One (DavcUlia canartmsisyia 
called Hare’s-fbot Fern on this account, and another (Aspidnm Baromez) 
receives the name of Scythian or Tartarian-lamb, because, when pre¬ 
pared in a particular way, it resembles that animal. 

1111. Order 214.— maniieacece, or RhiBoearpeic, the Pepperwort 
Family. Stem wanting. Leaves often stalked, with the lamina 
divided into three or more wedge-shaped pieces, sometimes the lamina 
is abortive; vernation circinate. Eeproductive organs near the root 
or along the petiole, enclosed in an involucre; these organs are of 
two kinds:—1. Stalked or sessile clustered membranous sacs, con¬ 
taining minute granules, which some consider as pollen; hence the 
bodies are called anthers. 2. Membranous sacs, containing cells 
which divide into four, one of which only is developed as a germinating 
body; the sacs have been called ovule-sacs, and the single developed 
cell is considered by some as an ovule which is impregnated by the 
so-calied pollen. ' The thecre are the bodies from which germination 
proceeds.—Creeping or floating plants, found in ditches and pools in 
various parts of the world, more especially in temperate climates. 
They are not put to any important use. There are 4 genera, and 
upwards of 20 species. Examples —^Marsilca, Pilularia, Salvinia. 

1112. Order 215.—ijyiwpodiacew, the Club-moss Family. Stems 

creeping or conns; annular vessels in the axis. Leaves imbricated, 
more or less setaceous, sometimes subulate. Thecae axillary and ses¬ 
sile, 1-3-celled, opening by valves or indehiscent; often of two kinds. 
One, round, remform, or crescentic, containing minute powdery 
matter, and called by some antlreridia, though, perhaps, erroneou.sly; 
the other of a rounchsh tetrahedral form, enclosing a cell which pro¬ 
duces four spores capable of germinating; the spores are considered 
by some as equivalent to ovules, and the mother-cell as an ovary or 
oophoridium (bo», an egg or ovule, and I bear). In Isoetes, 

the two kinds of reproductive bodies are imbedded in the substance 
of the base of the leaf.—^They are moss-like plants, intermcdiiite be¬ 
tween ferns and mosses, and in some respects allied to cone-bearing 
plants. They abound in warm, moist, insular climates. There arc 
6 genera, and about 200 species. Examples —^Lycopodium, Selii- 
ginella, Isoetes. 

1113. Some of the Lycopodiuins are emetic and cathartic. The 
powdery matter in the theem is inflammable, and has been used as a 
substitute for sulphur, under the name of Lycopode or vegetable 
brimstone. It is dso employed to cover pifls, so as to prevent their 
being acted upon by moisture. Lyctypodiam sqmrmtum, a Brazilian 
species, coils up into a ball during the dry season, and unrolls during 
ihe wet season. 

1114. Order 216.—the Moss Family. Plants having a dis¬ 
tinct axis of growth, often pving oS branches or innovations; no 
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vascular system. Leaves minute and imbricated (fig. 774/), entire, 
or serrated; sometimes with condensed cells in lie form of ribs or 
nerves. Eeproductive organs of two kinds:—1. Antheridia (fig. 
368), cylindrical or fiisiform stalked bags, containing powdery matter 
and phytozoa (fig. 368, 3), and mixed with empty jointed filaments 
or paraphyses an offiet). 2. Um-shaped pistillidia (fig. 

777), endo^d at first within a calyptra (*<ie?iiJa-Tj», a covering), whidi 
is tiltimatdy carried up with them (fig. 775 c), leaving often a sheatli 
(vaginula) round the bottom of the fimit-stalk. These pistillidia 
findly become the thecse (fig. 774) or spore-oases, supported on a 



stalk or seta which has leaves at its base, called pcrichaitial (wegi 
.around, and a bristle) leaves; on removal of the calyjitra, the 

theca is found to consist of a case witli an operculum or lid (fig. 


774>777.»Figures to Ulustratc'the natural order Musd. 

Fig. 774—Funaria hygi‘omctri<^ sU^tly magnitied Leaves, tbow connected with the 
Seta being ('ailed peiichtetial. «(, Um-like thoca, sporungium or spore>4aBc mip})ortod on a long 
twisted stalk or seta, p. c, Calyptm, which exists on one of the thccie, and has fallen frora the 
otlicr. o. Operculum or lid. 

Fig. 77&—Tlieca of Bncalypta vulgaris, u. Theca or spore-case, c, Kitriform entire calyptra. 

' • O^rcolum or lid. a. Top of the seta. The calyptm is transparent, and the operculum and 
(heca are seen tlirough it 

Fig, 776.—The same theca, witli tiie calyptra removed, o, Operculum detached, showing 
the peristome, p, with its sixteen cilia or teeth. 

Fig- 777.—Yeiy young theca Splacimum cut longitudinally, a, Apophyds or swelling of 

the seta at the base of the theca, a, C^tral columella. 8, Cavity or bag between the columella 
and the walls of tlie tlieca, containing sporea The integument m the theca is formed of diiferent. 
edlluiar layers; the fli^ e, forms the epidermis, and is thickened at the summit to form the 
opcjTcalum; there are then two intermediate layers, which ultimately form the teotli of the * 
perist^e; and lastly, an inner integument, s, whicn fbms the pallets of the spore-bearing 
cavity. 
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776), which, when it fells ofi| shows the mouth of the um either naked 
or crowned with a peristome {mfi, around, and rrofm, mouth), con¬ 
sisting of one or more rows of teeth (in nmnber, four, or a multiple of 
four), distinct, or united in various ways (fig. 776 p). In the centre of 
the meca is a columella (fig. 777 c), and the bag formed between it and 
the parietes of the theca, contains spherical cells ctdled spores, each 
of which chvides into four small spores or sporules, the germinating 
bodies (fig. 777). In some cases the operculum remains persistent 
and the theca opens by four valves. At the base of the theca there 
is occasionally a fleshy protuberance at one side called a struma, or a 
swelling of the seta called an apophysis {d'x-a^iais, excrescence), (fig. 
777 a). The calyptra is sometimes split on one side (dimidiate), at 
other times it is entire (fig. 775 c) or split into short clefla all round 
its base (mitriform). Between the teetli of the peristome and the edge 
of the theca, an elastic ring or annulus is formed; and occasionally a 
horizontal septum or epiphragm (jpfAyfut, a partition) extends across 
the mouth of the thecse. The setaj are sometimes twisted, and so are 
the teeth of the peristome.—^Mosses are either erect or creeping, ter¬ 
restrial or aquatic plants found in aU moist countries, extending from 
the arctic to the antarctic regions. Tliey abound most in temperate 
climates. They are among tlie first plants which appear on newly- 
formed islands. In speaking of the morphology of mosses, Lindley 
states that the cal 3 rptra may be considered as a convolute leaf, the 
operculum another, the peristome one or more whorls of minute flat 
leaves, and the theca itself as the excavated distended apex of the seta. 
I have a specimen of Tortula faUax, which I received from the late 
Mr. E. Quekett, in which leaves appear at the top of the seta in place 
of the spore-case. 

1115. Mosses have been divided according as their seta is tenninal 

(acrocarpi, .summit, and flnrit), or hiteral {pleurocwpi, 

irXtupx, side), according as the operetdum is adherent or not, and 
according as the mou& of the theca is naked, or has a single or 
double peristome. Divisions have also been adopted, formded on 
the position of tire antheridia and pistiUidia, &c. Lindley separates 
Andraja from true Mosses, on account of its spore-case opening by 
four valves. According to Irim there arc 46 known genera, and up¬ 
wards of 1100 species. Exampka —Andr®a, Phascum, Gymnostomum, 
^lachnum, Oithotrichum, Dicranum, Bryum, jBSmaria, Polytrichum, 
Hypnum, Sphagnum. 

1116. Order 217.—Hepaticte, the Liverwort Family. Plants 
having an axis which either bears cellular leaves (fig. 778), or is leaf¬ 
less and is bordered by a membranous expansion or thallus. Stomata 
are found in the epidermis of some. The reproductive organs are— 
1. Antheridia, which are either imbedded in the frond, or situated on 
rounded sessile and stalked receptacles. 2. PistiUidia, either en- 
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closed in involucrra and soHtaxy (fig. 778 11 ), or occniring at the 

edge of the fron^ or on the lower 

side of stalked peltate expansions 

(fig. 412). Thecae or developed 

piskllidia, having no operculum, 

opening irregularly, or by four 

valves (fig. 778). Spores (fig. 498) 

often mixed with spiral fikmcnts 

called Efiaters (fig. 779). Hetero- 

rhizal in germination (fig. 530).— 

Terrestrial ‘ plants found in damp 
j)laces, or inhabiting water; some 
havingamoss-Ukcappearance. They 
are natives both of cold and warm 
climates, and are generally distri¬ 
buted over the globe. 

1117. The order has been divided into three sections:—1. Max- 
(hantiese: thecse collected in heads, bursting irregularly, no opercu¬ 
lum, spores with elaters. 2. Jungermanniese: thecas solitary, opening 
by four valves, no operculum, spores with elaters. 3. Ricciere: theca: 
solitary, decaying so as to allow the spores to escape, no operculum, no 
elaters (fig. 411). Many of the Ilepatica: produce gemmee or buds, 
which are developed on the fi'ond in the form of cup-shaped receptacles, 
!md tdtimately Ml off so as to become distinct plants. Marchaniia 
hetmspherica lias been recommended in dropsical cases. There are, 
according to Lindley, 65 genera, and about 700 species. Examples — 
Marchantia, Jungermannia, Riccia. 

Subclass 2. — ^THAtlOOBKiE* OE Oxxui;>ABB8. 

1118. Acotyledons composed entirely of cellular tissue, having no 
distinct axis, nor leaves, nor stomata, propagated by means of spores, 
which are often enclosed in asci. It corresponds to Endlicher’s divi¬ 
sion of ThaDophy ta, and includes the AmpMgamsB of De Candolle. 

1119. Order 218.—r-XiicheiMw, the Lichen Family. Plants forming 
a thaUus, which is either foHaceous, crustaceous (fig. 780), or pulveru¬ 
lent; these different forms depending on the mode in which the cells 
are developed and combined. The reproductive organs appear on the 
frond in the form of protuberances of various kinds, consisting of an 
outer layer of thick-walled roundish cells, more dense than the tissue 

* OftXXw, a green leaf, I produce. 

Flga 778, 779.—Organs of fructification o/S Jungermannia Tamarlsci, to UlustratG the natural 
oKier Ucpatlcse. 

Fig. 778.—^ Branches <M)Tcred with Imbricated leaves, arranged In a distichous manner. Two 
of the branenes bearing thaoe, supiiorted on stalks which arise from an Involucre at the base. 
i «, Involucrea e, Theca clSiod in tiie young state, c'^ Theca opening by ftnir valves to diBcharge 
the spores and elaters. * 

Fig. 779.—r, Receptacle bearing elaters, e, or spiral filaments, one of which shows the doable 
spinu fibre, i, Free spores. 
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of the thallas, and of a different colour (fig. 782 c c), and of an internal 
meduUaiy layer of paraphyses and sporangia, lying perpendicularly to 
the outer layer (figs. 782 c m, 781 tp). The finict^cation gradually 
projects more from the surfeee, and either remains covered with the 
outCT layer, or bursts through it. When it remains closed, there is a 
nucleus in the centre. When the finictification bursts through the 
cortical or outer layer, it expands in the form of shield-like discs, called 
apotheda a repository), or patellae (figs. 780 s, 781 a) {pcOella, 
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a hollow disk), or linear expansions called lireUae (Km, a furrow). 
Sometimes the cortical matter forms a border round the fructification, 
at other times it grows up in the form of a stalk, so as to give rise to a 
podetium (wo5f, a loot). The young thecse (asci) contain spores, vary¬ 
ing from 4 to 8 (fig. 413), or fiom 12 to 16. Occasionally, the spores 
are in sets of two (fig. 413, 2). Separated cells of the medullary 
layer, of a green colour, called goni^a (yonii, generation, and etla;, 
resemblance), or gongyli, are considered as another kind of reproduc¬ 
tive organ. There is much uncertainty as to the real diaracter of the 
sphericd or subspherical green bodies called gonidia, whidi are char¬ 
acteristic of true lichens. When separated from the parent structure, 
they are capable of forming new plants. Thwaites says that they are 
not gemma!, but that they are analogous to the vesicles of Nostoc, 
one ^ the ^gse.—^Lichens are found in all quarters of the globe, 


Figs. TaO^^^-Orgaiu of fmctlftcatlon d ParmeUa Acetalralom, to Illustrate the natural order 
lidenes, MBthm Hyroenotbalamefle. 

1^. 780.<^ TbilfuB of the lichen, s, Apotheda In the form of shields in different degrees 
of deydcmmmit 

Pig. 781.~'Apothodum, €t, cat rerticaQy and magnlfled in order to show the layer, t formed 
hy the union oi tbecse and paraphyaea 

Fig. TS?."-A small portion of the apothednm much more magnldcd, showing, c the central 
meduUaiy layer, e e, The corttoal layer* 1 1; Thecse in different degrees of derelt^nnent pi 
Ponqphyses. 
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adhering to stones, rocks, trees, &o. During part of their growth, 
they appear to he capable of deriving most of Iheir nourishment fix»m 
the atmosphere. They have the power of acting on hard rocks, so 
as to disintegrate them in process of time, and many of them contain 
much inorganic matter in their coiiposition. They all grow in the 
air; none are found submersed. 

1120. The order has been divided into four sections:— 

1. Hytnenothalames a membrane, Hkk/ms, a receptacle): shields open, 

discoid permanent uacieus bearing the sporangia on its surface (fig. 780). 

2. Gastcrothalarnea! (yurrif, a belly): shields either closed always, or opening 

by bursting through the corticu layer of the tballus, the nncleus containing 
the deliquescing or shrivelled sporangia. 

IdiothalameiB (<%•(, peculiar): shields closed at first, opening afterwards, 

‘ containing free spores in a nucleus composed of the gelatinous remains of 
the paraphyses and sporangia. 

4. Coniothalaincx (xiyv, powder), pulverulent lichens: shields open, without a 
nucleus, cavity filled with free spores. 

1121. Lichens fiimish articles of food mid important dyes. Cetrarm 
ishiuMca, commonly called Iceland Moss, contains a nutritiotis matter 
called Lichenin, or Lichcn-starch. Ihere exists in it a bitter principle 
idso, to which die name Cctrarin has been given. The plant is used 
as a demulcent and tonic, in the form of decoction or jelly. Cla- 
(Innia rangifmim is a Lichen upon which the Eeindeer feeds. Several 
species of Qi/rophora constitute the Tripe de Eoche, on which Franklin 
and his companions subsisted for some time. . Many other Lichens, 
such as Sticta pulmomria, and species of Lecariom, fiimish articles of 
food. Itoccella tmetoria Sum the Canaries, and Jf. fuciformis, fiimish 
valuable dyes, under the name of Orchil or Archil. The dye procured 
from them, and fixim other Lichens, is called Litmus. Lecanora tar- 
tarea supplies tlic dye called Cudbear. Farmelia parietma contains a 
yeUow colouring matter called Parietin or Chrysophanic acid. Some 
species of Variolaria contain a large quantity of oxalate of lime.' 
Some plants of the order are aromatic. 

1122. Order 219.—^Fangi, the Mushroom Family. The plants be¬ 
longing to this order, consist of cells, sometimes round, sometimes 
elongated in the form of filaments, either placed closely together or' 
separated. They are variable in their consistence, being soft or hard, 
fibrous or gelatinous, fleshy or leathery. They never contain green 
gonidia like Lichens, and they rarely grow in water. There exists a 
vegetative system called spawn or mycelium {ftixe;, fungus), formed 
of elongated, simple, or articulated filaments, concealed within the 
iMtrix, or expanded over its surface, from which varied forms of fruc¬ 
tification' proceed. The mycelium occurs either in a filamentous, a 
membranous, a tubercular, or a pulpy form. The reproductive organs ” 
consist of spores or spherical ceUs (usually 4 or some multiple of 4), 
which are either attadied to the cellular tissue, and supported oft^ 
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on simple or branched filamentous processes (fig. 785, 787 b) called 
sporophores (sTrogM, a spore, and I bear) or basidia a 

784 ■ 786 ■ 



base); or are contained in theca (theca, a sac), cystidia (uvarti, a blad¬ 
der), or asci a bag), (fig. 785 c), accompanied with bodies 

caQed antheridia or paraphyses; in the latter ease, the term sporidiais 
sometimes applied to the spores. The sporophores sometimes end in 
delicate cells bearing the spores, and called sterigmata (trTti^lyftct, a 
support. In the Agarics or Muslirooms, which are among the best 
known fungi, theri^.is observed first a rotmdish protuberance on . the 
mycelium. This sweUing is called the volva or wrapper, and it gra¬ 
dually enlarges, containing in its interior what appears afterward as 
the agaric with its reproductive bodies. When the volva is ruptured, 
the fioily-formed agaric is seen, consisting of an upper rounded portion 
called the pUcus or cap (fig. 783 c c), supported on a stalk or stipes 
(fig. 783 p). On its under surface is situated the hymenium {v/tnn, 
membrane), or the part where the spores are produced (fig. 783 h), 
covered at first by a thin membrane called a veil (indusium or velum). 


Figa. 783*-787.—Figorea to illustrate the natural order JPosgl. 

. Ff^ 783.—A dust^ of plants of Agaricus cainpestri&i, Mushroom, in different stages of de- 
vdepment n, Stipe or stalk, e e c, FUeus, hat or cap. r, Velinn or indusium which unites the 
pUeus ai^ stipe, am when ruptured forms the annulus ot ring, a a. h. Lamella! or gttls radiating 
mnu the centre, on the under surface of the pUeos, and bearing the hymenium or receptacle of 
the QKires. 

Fig. 784.—Hymenium seen fhnn above, tlie spores, being scattered over it in sets of four 

78&^A small Dortlon ctf the Hymenium much magnified and viewed laterally. A, Its 
tis4hc composed of ceus. b, Basidia or sporophores bearing the spores; one of these is figured 
smaratblyt bearing a large number of sporea c, Cystic or theesD. 

788.—A snail poi^n of the pUcus of Clatlims cancellatus, in the form of a sort of net- 
wtnC The fi^enlum covers its inner surfhee, and is seen following the contour of the locunie, 
I 4'Of the network. 

Fig. 787.—Hymenium much more highly magnified to show the particular form of the ba^dla, 
A. si^^porea. 
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which is ultiinately raptured; and when the rupture takes place at the 
(, dge of the pileus, an annulus or ring is left on the stipes (fig. 783 a a). 
The hymenium, or the part on which the organs of reproduction are 
placed, consists in the agaric of cellular plates, lamdlse, or gills, radiating 
from the centre (fig. 783 h). In other genera of Fungi (fig. 786) it 
consists of tubes or solid oplumns, or fleshy or gelatinous matter. 
Sometimes the hymenium is. on tlie upper surface of the limgus.— 
Cellular plants, often growing on decaying organic matter, generally 
very fugacious, and presenting various colours. They are found in all 
])arts of the world. 

1123. The follo^ving are the divisions usually recognised, as defined 
by Berkeley:— 

1. Uymcnomyceics a membrane, and /tuxm, a fungns): Hymenium naked, 
spores in sets of four (flg. 784 b), and borne on distinct sporophores (figs. 
783, 785). • 

Oasteromycctcs a belly); Hymenium enclosed in a membrane (peri- 

dium), spores as in section I (figs. 780, 787). 

Coniomycetes (*«►«, powder). Flocci of the fruit obsolete or mere peduncles, 
sporro single, often partitioned, and on more or less distinct sporophores. 

4. Hyphomycctcs 1 weave): Thalius floccose, spores nuked, often septate. 

Ascumycetes (iurxis, a bag): Sporidia (spores) contained often in sets of eight' 
in osci or tubes. 

li. Physomycetes (fOra, a bladder): Thallns fioccosc, spores surrounded by a 
vesicular veil or sporangium. 

Under these sections Berkeley enumerato 598 genera, including about 
1000 species. Examples —Agaiicus, Polyporus, Hydnum, Clavaim. 
Phallus, Coaster, Bovista, Craterium, Nidularia; Bactridium, Tonfia’ 
Credo, jEcidium; Ceratium, Tubei’cularia, Botrytis, Penicillium; Hel- 
vella, Peziza, Tuber, Erysiphe, Onygena; Phycomyces, Mucor. 

1124. The plants of this order deserve attention, whether we regard 
their esculent, or their poisonous qualities, or the destruction which 
they cause by their parasitic growth. In this country the chief 
species eaten are Agariats eanipestris, the common Mushroom, Agaricus 
Georgii, Morchelluesculeraa and other species of Morel, Tidm-dbariwn, 
Truffle. In foreign countries, as in Prance, Italy, Germany, and 
Russia*! numerous Fungi are used as food, which have acted as poisons 
in this country. The process of cooking, as well as the climate, may 
have some eneot in modifying their qualities. Agaricus procerus i# 
eaten abroad; but I have seen a case of poisoning from it occur in 
Edinburgh. In Rome it is stated that the yearly average of taxed 
mijshrooms, firom 1837 to 1847, was between 60 and 80,000 pounds 
weight. The finest mushroom is said to be the Agaricus Prunulus. 
Amanita muscaria is a poisonous species, which is used as a means of 
intoxication m Kamtschatka. It is said to give this property to the 
urine of those who eat it. It is not easy to distinguish between edible 
and poisonous Fungi It has been said that the latter are often highly 
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odonrdl, have scales or spots on their sur&ce, tough watery flesh, and 
grow in dusters on wet ground, and often in. the shade; while the 
former are seldom h%hly coloured generally white or brownish, rarely 
show scales or spots, have brittle fle^, and ^ow solitary in dry pastures, 
not in the shade. In some cases Fungi form a staple article of food. 
Darwin states that the inhabitants of Terra dd iSiego live upon a 
globular fungus of a bright yellow colour {Cyttarm Darwmt), found 
on the bark of the beech. Many spedes of Boletus are used as food in 
Western Australia, according to Drummond. MyUUa australia is 
known in Australia as I^adve Bread. 

1125. Some Fungi are limited to certain kinds of decaying matter. 
Many species of Onygena are found only on the dung, feathers, and 

* hoofs of particular animals. Peculiar spedes of Mycoderma are deve¬ 
loped in vinegar, in yeast, and in flour. . The rapidity with which 
Fungi sometimes grow is remarkable. Ward noticed BhaMus itapudi- 
cua shoot up three inches in the course of twenty-five minutes, and 
attain its full elevation of four inches in an hour and a half. Boviata 
gigantea, in a single night, has increased from the size of a pea to that 
of a melon. The force also with which they expand has been shomi 
hy their raising pavements under which Aey had been developed. 
Some Fungi, as Agaricus oreadea, coccinem, and peraomtm, are deve¬ 
loped in a centrifugal manner, forming fairy rings. Certain species of 
Agaricus ^ve out a sort of phosphorescent light. This has been re¬ 
marked in Agaricus okariua, Agaricus Gardneri, and some species of 
A^pric from the Swan River. A similar kind of light is produced by 
species of Bhizomorpha which occur in coal mines. Polyporua fomen- 
tarius forms amadou, and it, as well as P. beiulimis, have been made 
into razor-straps. 

1126. The diseases caused by Fungi are numerous 693-696). 
Blight, mildew, rust, and smut, are diseases of grain due to the attacks 
of iWgi. Dry-rot is owing to the presence of Merulim hcrymans and 
uaatatCH', and Polyporus destructor, the mode of preventing which has 
been already alluded to 699). The disease called ergot, which 
attacks Eye and other grasses, is produced by the Spermoedia Gleam 
(IT 1103). The various moulds which occur on bread, cheese, pre- 
ferves, and fruits, are plants of this extensive order. PenicilUum 
'^ktucum is one of the most, common moulds, occurring on organic sub¬ 
stances, on books, <&:c. A species of Racodium is found in low cellars, 
as at the London docks. Some Fungi are produced on living animals. 
Thus, the disease called muscardine in the silkworm is produced by 
Botrytis Baasiana. Certain wasps in the West Indies are affected by a 
simito disease. jSpheeria sinensis, a celebrated Chinese drug, grows 
flx)m a caterpillar; Splueria Bibertsd is developed on the larva of Se- 
piedus virescens in New Zealand; and Sphmia Taybri on an Australian 
caterpillar. So are also Spheeria sobc^fera, entomorhiza, tn^Uaris, and 
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others. Particular kinds of mould sometimes grow on the mucous 
membrane of birds. Some mycodermatous Funp are connected with 
certain cutaneous and other diseases in the human species. Thus, 
cellular filaments called Porrigophytes are found in the crusts of 
Porrigo favosa, Mentagraphytes in those of Mentagra or Sycosis mmti, 
and Aphthajdiytes in Aphthce. 

1127. Order 220.—^Alve, the Sea-weed Family. Cellular plants 
found both in salt and m fresh water. Fronds composed of variously 
formed, often elongated cells, which are either simple or branched fila¬ 
ments, continuous or articulated, sejmrate, or combined in different 
ways (fig. 29) so as to constitute fronds of various kinds (fig. 788). 
Growth takes place by the division of cells, or by cellular prolonga¬ 
tions, in the form of lateral branches. Eeproduotive organs consist of 
spores, which are contained in mother-cells or peiispores (irfjl, around. 
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and ffs-efoi, seed), or sporocarps (»a{n-df, fruit). These are sometimes 
congregated together in receptacles of different sorts (figs. 788 c c, 
789). The spores occasionally divide into 3 or 4 cells, constituting 
tetraspores four). In addition to spores or sporocarps (fig. 

791 sp), there are sometimes round, or davate, or filamentous cellular 
bodies present, to which some give the name of antheridia (fig. 791 /). 
In some of the simplest Algss, the whole plant is concerned in produdng 

Figs. 788-'792.'~-Frond and organs of reproduction of Fucoa serratos, to illiutrate the natural 
order Alfne. 

Fig. 78^‘-'nic entire plant mudh diminished in siae. /, Frond composed of celli, so united as 
to fonn a flat expansion, c c, Ckmceptacdes at the extremities of the containing tiie organs 
of reproduction. 

Fig. 789.-~£xtrenilty of the fnmd covered with crniceptacles. 

Fig. 790.—Vertical section of a conceptacle, c, with its inner surface covered with spores 
(^ixicarps), and paraphyses, or antheridia. stq^erficlal ceUnlac tissue of the fTond, In 

which the conceptac^ is butied. o, Foramen by which the oonceptade extetmaQy. 

Fig. 791.—Spore, tp, covered with its perispore at (qxirocarp, p. /, Filaments or porapbyses, 
oy some oalied antheridia. 

Fig. 782.—Spore, 4, separated and deprived of its periqKire or outer covering. 
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Tteyr itKEriduals by di-vision of the parent cells into i ce* 4 Ih others 
there is a union of 2 hlamentSi and a passage of certain granular par¬ 
ticles (endochrome) irom the one to the other, ending in Sie formation 
of the spore. This process is termed cat^ugaiim, mid is one of great 
interest. It has been observed in some of the Confermcem and thaU)- 
macecB. In certain cases, the terminal cell of the filament is that in 
which a spore is formed without any conjugation, and in these cases 
the spore is fiequently provided with cili^ processes, whidi exhibit 
for a time spontaneous movements (figs. 431-4.54); hence called 
^sporiis. In the higher Alga;, the sporocjtrps containing 2,4, or more 
reproductive ceUul^ are united together in conccptacles along with 
filaments containing phytozoa, and called antheridia (figs. 790, 791). 
In Charac-ecB there are two distinct organs of reproduction. 

1128. This extensive order has been divided into the following sub¬ 
orders ;— 

1. Charaoese: water plants formed of parallel tubes, which are sometimes en¬ 

crusted with carbonate of lime; reproductive organs are of two kinds— 
a, a round red globule consisting of eight valves which enclose cells ol 
different kinds, containing granular matter and pccnliar spiral filaments or 
phytozoa (fig. 369); b, an oval nncule formed by a lar^ central cell or 
spore, vrith five elongated cells wound spirally ronnd it, sarmonnted by five 
teeth. Some consider the glohnle as an antheridium, and as equivalent to 
an anthdr. The nucule contains the germinating body. The rotation of 
grannies takes place in the plants of the tribe (T 275,276). 

2. Fucacese, the Sea-wrack tribe: usually growing in salt water; frond consist¬ 

ing of cells which are often united by gelatinous matter (fig. 29), and which 
sometimes form a broad expansion (a memhranons thallns), supported on a 
stalk; organs of reproduction consist of sporocarps and antheridi^ con¬ 
tained in conceptacles opening externally (fig. 790), which are nnited in 
clnb-shaped expansions or receptacles, sitnated at the end or margins of the 
fronds (figs. 788, 789). In germinating, the nncleus bursts the cpispore or 
outer covering of the spore, and sends ont filamentous processes. 

3. Floridem or Ceramiacem: rose or purple-coloured sea-weeds, with fronds 

formed of a single row of articulate cells, or of several rows of cells com¬ 
bined into a flat expansion; organs of reproduction consist of sporocarps or 
perispores, intermingled with clavate filaments called antheridia. The 
sporocarps contiun cells or spores often divided into fonr (tetraspores), and 
enclosed in conceptacles of various kinds. 

4. Confervaceie: aquatic plants often of a green colour, consisting of one or 

more cells of a ronnded or cylindrical form, united together so as to form 
an articulated or flat frond. They increase by the merismatic division of 
cells. Beprodnetion effected by spores which are formed in the interior of 
the cells by a change in the arrangement of the granular matter, or by the 
union eff filaments of different plants, a proc^ of conjugation, by which 
giaanlar matter passes from one to the other. The spores are discharged 
by the opening of the cells, and they often have moving dlia (figs. 431- 
434). 

5. Diatomacee: inhabiting still waters and moist places; fronds consisting of 

friutnU^rfiragment^ vriiich are either angniaror cylindrical, often siliceons 
and (non-siliceons in Desmidiem), nnited by a gelatinons sort of 



substance; propagated by the division of parent cells into two halves, which 
become more or less completely detached, and form new individuals. 
Conjugation also takes place in some instances, in the same way as in the 
ConfervBcesB. 

The order Algaj, exdiisive of Characese, has been divided by Har¬ 
vey as follows:— 

1. Melanospermem: plants of an olive-green or olive-brown colour, and cellular 

or filamentous structure; growing in the sea. Fructification contained in 
definite capsules or receptacles, or in distinct sori. Seeds dark-coloured. 

2. Kbodospermea:; plants usually marine, of a rose-red, purple, or red-brown 

colour, leafy, cylindrical, or filamentons. Fructification usually double; 
the primary contained in capsules, receptacles, or immersed in the frond; 
secondary, when present, minute granules forming sori, or imbedded in 
distinct receptacles. Seeds red or red-brown. 

3. Cblorospermece; plants growing either in the sea, in fresh water, or in damp 

situations; either filamentous, membranaceous, or shapeless; cither colour¬ 
less, or (owing to the presence of an internal, granular, spornlar mass) of 
a grass- green, veiy rarely purple or red colour. Fructification, green or 
puiple spornles, cither filling the frond or collected into sporidia, rarely 
contained in external capsules. 

4. Diatomacece; as already defined above. 

biudley enumerates 283 genera, indnding about 2000 species. Exam- 
ples —Ohara, Nitella; Fuens, Sargassum, Laminaria, Padma, Ectooar- 
pus, BryopsLs; Ceramium, Delesseria, Ithodymenia, Chondrus; Con¬ 
ferva, Ulva, Osoillatoria, Palmella, Protococcus; Diatoma, Hoinoeo- 
eladui, Deamidium. 

1129. The plants of the order are widely distributed over fhe globe, 
being found in salt and fresh water, in moist places, as on damp rocks 
and stones, and the glass and pots of hothouses, and even in hot 
springs. Sometimes they present collectively the appearance of green 
slime. Tliey derive nourishment chiefly from tlic medium in which 
they grow; and the root-like processes with which some of them are 
provided, seem to be merely for the purpose of fixing them. Some of 
the species are very gigantic, others very minute, requiring the aid of 
the microscope for their detection. Tlie lowest members of the order 
approach very nearly to the lowest tribes of animals, and it is difficult 
to draw a line of demarcation. Many species now considered vegetable, 
sucb as CoralUna officinalis and many DitUomacea, are figured as 
animals by Ebrenberg. There are interesting movements connected 
with the cells of many Algse, such as Oscillatmia and Nostoa. Some 
of the species found in the ocean have conspicuous stems, which 
-■■ometimes present the appearance of zones in flieir interior (1[ 106). 
Among the large-stemmed species may be noticed DurviUea utilis 
and Lessonia fuscescens. Scytodplum (Chorda) Filum attains in the 
British seas a length of 30 or 40 feet, while Macrocystis pyrifera 
in the Pacific ocean reaches the length of 500 to 1500 feet. Some 
of the Laminarias of Britain have stalks of considerable size. Sar- 
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gamm Ijie GtJf-weed, is found flcMting in great quan¬ 

tities ou Sf^ side of the equator in the Atlan^ Paci£c, and InH^nn 
ooeani. Protocoecm nivalis and xm£s said to occur in red and 
g^een snoWt "Hie red and green colours of certain lakes and seas 
sve attribute to spedes of Ttichodesmium and Sphsrozyga. Ac- 
oc^ding to Dr. Joseph Hooker, Dk^xmcKSce are found in countless 
nnoib^ between the parallels of 60® and 80® S., where they give 
a ooloux to the sea, and also to the icebergs floating on it. The 
dnuth of these bodies in the South Arctic ocean is prwudng a sub¬ 
marine deposit, consisting entirely of the siliceous particles which 
entered into the composition of these plants. Conferva crispa, called 
Water-flannel, forms beds of entangled filaments on the surfece of 
water. Spedes of Tyndaridea also occur in thick green patches. Ey- 
drodictyon utriculatum, Water-net, has the appearance of a.green net, 
composed of filaments which enclose pentagonal and hexagonal spaces. 
AcUya proUfmt, and other Conferv®, are developed occasion^y on 
living animals, such as on the gUls of tibe gold-fish and of trout. Cer¬ 
tain organisms have been deitcc^ in the human stomach, wliich appear 
to belong to this order. One of these is called Sarcinula venbrioM by 
Goodsir, and was ejected by vomiting in a case of pyrosis. It consists 
of square cells united together in sets of four, and propagating by 
division. 

1130. The plants of this order supply a quantity of gelatinous mat¬ 
ter, and many of them are used for food. Kelp is obtained by the 
burning of S^-weeds, and iodine is procured from them. Sphcerococ- 
cus (Clumdrus) crispm, Carrageen or Irish Moss, supplies a nutritious 
article of diet. Wixidymmia pedmata, Dulse, Alaria escuknta, Irid<ra 
eduUs, young plants of Laminaria digUata and saecharina, Tangle, as 
well as various species of Porphyra, Laver, and Ulva, Green Laver, 
are esculent. The edible swaUows’-nests of the East are said to be. 
formed of a species of GaluEum. Sphcerococcus cartUagineus, var. seto- 
ceits, is used in China as a substitute for these nests. Agar-agar is a 
sea-weed of a similax kind. Nostoe eduk is used in China as an article 
of food. The use of burnt sea-weed, in cases of scrofulous swellings, 
has been superseded by the discovery of iodine, the active ingredient 
Plocana {Gigartina,) Melmntiioeorton, under the name of Corsican 
Moss, was formely used as a vermifuge. The Charas have frequently 
a peculiarly fetid odour, and their presence is said to give rise to 
malaria. Occasionally they communicate their odour to the water of 
reservoirs, and render it xmpleasant. It is of importance for Water 
Companies to see that Charas do not exist in the streams which supply 
the water for their reservoirs. 

the subject of Classification, the arrangement and char- 
actMofVtoimau orders, and the properties of plants, the student should con- 
Lind|l(^ Vegetable Kingdom. 




PART III 


GEOGEAPHICAL BOTANY, OB THE DISTEIBUnON OF PLANTS 
OVEE THE GLOBE. 


1131. Tms department of Botany treats of the manner in wliich 
plants .ore atfected by climate and station, and endeavours to investi¬ 
gate the conditions under which particular families, or species of plants, 
are confined to certain zones of ktitude and altitude. It is a subject 
of great interest, and one which cannot be prosecuted with success until 
the vegetation of the globe is more fully known. So long as there are 
vast tracts of continents unexplored by botanical travellers, the facts 
upon which Botanical Geography is founded must be imperfect. 

I— EPDlBllEOnOGy, OR THE ntFl-UENCE OP VARIOUS EXTERNAl.. 

AGENTS ON PLANTS. 

1132. It is a matter of common observation, that the localities and 
soils in whicli plants grow S’-ary much. Thus, some species grow in 
the shade, while others thrive best in fiiU exposure to light; some 
grow in mountainous or alpme districts, while oGiers prefer the plains; 
some are found in dry, others m marshy places; some are submersed 
in lakes or in the sea; while others live on muddy banks, or on 
sandy shores. The plants growing on a granitic or micaceous soil differ 
fi ecluently fi’om those found on trap, limestone, or sandstone. It is 
equally well known that climate exercises a powerful influence on ve¬ 
getation, modifying the Floras in different regions of the globe. Some 
plants are fitted to bear the rigoiu and duration of an arctic winter, 
with a moderate summer heat, others require the heat and light of the 
torrid zone; and between these two extremes, there are all varieties 
of gradation. Thus vegetation extends over the whole globe, from one 
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pole to the other—^firom the summit of the highest motmtaios to the 
bosom of the ocean. Palms, Bananas, Tree Ferns, and Orchideous 
Epiphytes, are chiefly confin^ to the tropics; Cruciferous and Um¬ 
belliferous plants are found in temperate regions; some Coniferous and 
Amentaceous plants flourish in more northern countries, while Saxi- 
fi^ges and Lichens extend to the arctic regions. In warm regions are 
found those fimits which are so necessary for the well-being of the in¬ 
habitants ; in temperate climates chiefly, occur the cereal grains for 
the food of man, and the green pastures for the nourishment of cattle; 
and m the arctic regions, tlic lichen, on which the reindeer feeds, 
grows luxuriantly. 

1133. The number of known species of plants amounts to about 
100,000. The following is an estimate of the known species of plants 
on the globe at different dates:— 

Linnicns,.:.. 1753 . 5,323 Phanerog. 615 Cryptog. 5,938 

Persoon. 1807 19,949 — 6,000 — 25,949 

Steudel. 1824 .39,684 — 10,965 — 50,649 

Steudel,. 1841 . 78,000 — 13.000 — 91,000 

Steudel,. 1844 80,000 — 15,000 — 9.5,000 

In 1846, Lindley gave the following estimate of known genera and 
species:— 

'ihallogens,. 

Acrogens. 

Bhizogens. 

Bndogens,. 

Dictyogens,. 

Oyiunogens. 

Exogens. 

Total, 

Much yet remains to be done in regard to the Floras of India, China 
Africa, New Holland, and South America. Meyen conjectures that 
the total vegetation of the globe may be about 200,000 species. 

1134. The distribution of species over different quarters of the globe 
is regulated by various external agents, the study of which is tmrned 
Epirrhfiology {kiriiita, I influence). These agents are chiefly tem¬ 
perature and moisture, and the nature of the soil. The efiects pro¬ 
duced on plants by increase or decrease of light, and by changes in 
the state of the atmosphere, have not been sufficiently determined. 

1.—EriTBCis OB Tkmpeeatubb. 

* 

1135. llte effects of this agent must be considered both as regards 

^ts latitudinal and its ranges. In proceeding from the equa- 

^fcW.|o the poles, or in «|;Mnding from the surface of the ocean to the 
's'Umimt of a lofty mountain, there is a gradual decrease of temperature. 


939 Genera, 

8,394 Species, 

.310 — 

4,086 — 

21 _ 

53 — 

1,420 — 

13,6.34 — 

17 — 

268 — 

.37 — 

210 

6.191 — 

66,225 — 

8,935 

92,920 





















DISTBIBtmON AS AFFECTED BT TEMPEEATDBE. 

and, at the same time, marked changes in the nature of the vegetation.' 
The scale of atmospherical temperature serves as a scale for the pro- ' 
gress of vegetation. As regards the latidudinal distribution of heat, 
the globe has been divided into eight regions, four northern and four 
southern—viz., a tropical region, from the equator to the limits of the 
tropics in each hemisphere; subtropical, between this and 40® of lati¬ 
tude; temperate, between 40® and 60“ of latitude; arctic and antarctic, 
beyond 60® of latitude. 

1136. Each species of plant is adapted to thrive best between certain 
limits of temperature. These limits do not necessarily coincide with 
any definite parallels of latitude; for it is well known that the climate 
of different places in the same latitude is very different It is of im¬ 
portance, therefore, to ascertain the meah temperature of the year, or 
rather of different seasons. By drawing lines through different places 
where the mean annual temperature is the same, Humboldt has estab¬ 
lished a series of isothermal (tirot, equal, and isQftti, heat,) lines inter¬ 
secting the parallels of latitude. Tliese lines run in curves, which rise 
in their course from the eastern coast of America towards western 
Europe, and sink towards the south in the interior of the continent,— 
and that so quickly, that Scotland lies in the same isothermal line as 
Poland, and England as Hungary. It is clear, therefore, that the 
isothermal lines in the higher latitudes do not, by any means, corre¬ 
spond with the parallels of latitude. At the equator, however, these 
Imes coincide more nearly. Much depends upon the temperature of 
the different seasons. Tims, a place which has a very cold winter, 
and a very warm summer, may be in the same isothermal line with 
one in which the temperature of both these seasons is moderate, and 
l^lants which succeed well in tlic one may not grow in the other. 
Cherry-laurels and other Evergreens, whiA grow weU in tlie open 
air in England, will not stand the winter of places on the continent in 
the same isothermal line. It is necessary, in determining the geogra¬ 
phical distribution of plants, to take into account the mean summer 
and the mean winter heat, and, better stiU, the mean monthly temper¬ 
ature. The distribution of temperature among the difiment months 
of the year is of importance, especially in reference to the heat and 
duration of the summer months; for many plants, protected by a 
covering of snow, are enabled to brave rigorous winters, provided the 
smnmer be hot enough, and of sufficient duration. Lines passing 
through places having the same mean summer temperature are called 
isotheral (taotr, equal, and is^a;, summer); those passing through places 
with an equM mean winter temx)erature, are isocheimonal {jcufteir, 
winter). Tlie isocheimonal h'nes in the mterior of continents bend 
considerably towards the south. The isotheral Jdnes bend to the north, 
but in the interior of continents they approach the parallels of latitude. 
Many drcnmstances conspire to influence the temperature of countries. 

2 O 
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tempekatdbe in kbbpect to altitude. 


Ijisular and coast climates are more equable, from the effect of the sea 
in preventing the atmosphere from being much heated during the day, 
and much cooled during night. In the interior of vast continents the 
extremes of temperature are often great. Winds have a powerftd effect 
on climate. In China, the north-east monsoon brings great cold in 
February. The state of a country as regards forests, has a decided effect 
on the temperature. In di&rent quarters, the nature of the exposure, 
also, whether to the east or west, north or south, and the intervention 
of elevated ranges of mountains, materially affect the temperature. 

1137. Temperature, in its hypsometric^ altitude, and ftirptt 
measure,) relation, or as regards its altitudinal range, requires to be 
considered. In ascending into the atmosphere, a decrease of tempera¬ 
ture is observed, which varies in its amoimt at different stages of ascent. 
The following table shows the temperature at different heights in the 
equatorial and temperate zones:— 


Height Equat. Zone. Teniji. Zone, 

to feet Lat lOO Lnt. 17“ 


0 

3,197 

e,394 

9,391 

12,789 

15,985 


81°..30 F. Mean. 53°.60 V. 

71 .24 . 41 .00 

64 .40 . 31 .64 

57 ..54 . 23 .36 

44 .60 
37 .70 


Taking an average, it may be said that there is a fall of 1“ in the 
thermometer for every 340 feet of ascent. Prof. Forbes states tliar. 
349.5 feet of ascent give a difference of 1“ of the thermometer in the 
boiling point of water. The elevation at which constant frost takes 
place is called the snow-line or line of perpetual congelation. Its 
limit does not exactly correspond with the height at which the temper¬ 
ature is equal to 32" F. The following table gives the height of the 
snow-line (in feet) at different latitudes:— 


Lat 

0 . 

6 . 

10 . 

15 ... 

Height of 
Snow Lino. 

. 15,095 

. 14,220 

1 Lat 

.50 . 

55 . 

60 . 

65 . 

Height of 
Snow Line. 

. 2,722 

20 .. 


70 . 

. 1,778 

25 . 


75 . 


30 . 

. 11,484 

80 . 


.35 . 


85 . 

. 117 

40 . 

. 9,001 

90 . 

. 0 

45 . 

. 7,671 




The decrease of temperature on lofty motmtains regulates, in a great 
m^Wiire, the nature of the plants which grow at different heights. The 
r changes take place as have been shown to occur in proceeding 































DISTHIBOTION AS AFFECTED BY MOISTOBE AKD SOIL. 


563 


from the equator to the poles. The following observations made on 
the growth of certain trees on the Grimsel, show the relation between 
height and latitude:— 


Lat. 

Beecb, which extends to 60° 


Oak,.61° 

Fruit Trees,.63°\ 

Hazel,.64°/ 

Norway Spruce,.67° 40' 

Scotch Fir,.70° 

Birch.70° 40' 


On the Orlmsel. 
(trows about the height of 3000 ieet. 
. 2600 — 

. 3400 — 

. .'5000 — 

. 6000 — 

. 6400 ~ 


2—Effects of Moistuke. 

1138. The quantity of moisture in tite air has a decided effect on the 
distribution of plants. Notliing checks vegetation more than extreme 
dryness. Hence the barrenness of those hot sandy deserts, which ex¬ 
hibit only an arid waste, without a single blade, of grass to relieve the 
eye of the weary traveller. In warm and dry climates, succulent 
}>lants occur, with hard epidermal coverings, capable of resisting the 
effects of evaporation and transpiration. Among these may be noticed 
Cactaccfe, Mescmbryacea;, Euphorbias, and .some of the Aloe tribe. 
In the districts of Australia, where a dry climate prevails, many plants, 
such as Protcas, Banksias, and leafless Acacias, have hard and dry 
foliage, capable of enduring much drought without injury. In warm 
climates, the effect of the dry season on vegetation is very remarkable. 
This season may be said to correspond with our winters. In some 
parts of Soutli America, where no rain fells for eight months of the 
year, the leaves during the dry season fell, buds are developed in their 
;ixils, and it is only when the wet season arrives that the trees become 
clothed with verdure, and the herbage appears. Forests appear to 
keep up the humidity of the atmosphere in a country', and thus have 
a powerful influence on the climate. 


3.—Effects of Son,, I,ionT, abb oihek Ac ums. 

1139. The physical localities in which plants grow vary consider- 
.•>bly. These variations are connected with the dryness and moisture of 
the soil, as well as with its mechanical and chemical composition. Some 
plants are fitted to grow in water, others in marshes; some grow in 
peaty soil, others in sandy soil. 'The nature of the soil, whether sili- 
c -ous, clayey, calcareous, or saline, has an effect in modifying the vege- 
■ ation. Prof. E. Forbes states, that, in Syria, he could easily distinguish 
the serpentine from the limestone, not merely by their geological char¬ 
acters, but also by the disposition of the arborescent vegetation. On 
the serpentine, usually pines only grew, and never in thick forest masses, 
but scattered; whereas the lime.stone bore thick clustered oaks and a 
luxuriant underwood, with now and then clmnps of lofty pines. In 
the low countries near the sea, the serpentine was marked by Senecio 
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BOTANICAL LOCALrntiSS OR STATIOHS. 


squalidus, a little Erophila, and CheHanthes odora; while on the lime¬ 
stone, Acrostichnin lanuginosuin, was a conspicuous fem. 

The following is a division of plants according to the botanical sta¬ 
tions or physical localities in which they grow, whether placed then- 
by nature or by art.:— 

A.— Plants growing in Water, whether Salt w Fresh. 

1. Marine Plants, snch as Sea-wcods, Lavers, &c., which are either buried in 
the ocean, or float on its surface: also, such plants as Aumut and Zostera. In 
the Sargasso Sea there arc floating mc^ows of Sargassumoacdferum, gnlf-wecd. 
This sea extends from 22“ to 36“ north lat., and from 25“ to 45“ west long, 
from Greenwich, and extends over 40,000 square miles. 

2. ' Maritime or saline plants. These are plants which grow on the border of 
the sea, or of salt lakes, and require salt for nourishment, as Salicomia, glass- 
wort, Salsola, saltwort. Anabasis. Such plants are often called Halophytes 
(£X(, salt, and turin, a plant). Under this head may he included littoral and 
shore plants, such as Armerta, sea-pink, Gkaa, and Samolus. 

3. Aquatic plants, growing in fresh water, cither stagnant or running; as 
Sagittaria, arrowhead, Ny^hcea, water-lily, Potamogeton, pondwoed, Subtdaria, 
awlwort, Utricularia, bladderwoi^ Straiiotes, water-soldier, Let/ma, duckweed, 
Pistia, Confervas, OacUlatorics, and Banuncuhts JbiviatUis. Some of these root in 
the soil, and appear above the surface of the water; others root in the soil and 
remain submersed; while a few swim freely on the surface without rooting below. 

4. Amphibious plants, living in ground which is generally submerged, but 
occasionally dry, as Ranunculus aguatilis and scekraius, Poh/gmum amphilmni. 
Nasturtium amphibium. The form of the plants varies according to the degree 
of moisture. Some of these, as LimoseBa aguatica, grow in places which arc 
inundated at certain periods of theyear; others, snch as Rhizophoras (mangroves), 
and Avicennias, form forests at the months of muddy rivers in tropical countries. 

B.— Land Plants which root in the Earth and Grow 'in the Atnmphere. 

5. Sand plants; as Carex arenaria, Avmophila arenaria, Elgmus arenarius, and 
Calamagrostis arenaria, which tend to fix the loose sand, Pfaniago arenea-ia- 
Semiaria glabra, Sedum acre. 

6. Chalk plants; plants growing in calcareous and cretaceous soils, as some 
species of Cphrgs, Orchis, and Cgfy>edivm. 

7. Meadow and pasture plants; os some species of iMus, bird’s-foot trefoil, r 
great number of grasses and trefoils, the dai^, dandelion, and buttercups. 

8. Plants found in cultivated ground. In this division are included many 
plants which have been introduced by man along vrith grain; as Centaurea Cg~ 
anus, corn blue-bottle, Simmis arvensis, common wild mustard, Agrostemma, com 
cockle, several species of Veronica and Euphorbia, Lolium temulentum, Convolvulu. 
arvensis, dchorium Intghus} also plants growing in fallow ground, as Rume: 
Acetosella, Carduus nutans, Echium vulgare, Artemisia campestris, and Androsac, 
ewterorionalis. In this division, garden weeds are induded; such as Groundsel 
Chickwoed, Lamium amphxicaule, Chenopodium album, and urbicum. 

9. Rock or wall plants; Saxifrages, Wall-flower, Linaria Cgnibataria, Drabt 
munJis, species of Hkracium and Sedum, Asptenium Ruta muraria, and som^ 
lichens add mosses. 

Kk'Plants/ound on rubbish heaps, especially connected with old buildings 
Soiae ii$4he8e seem to select thehmaitatlons of man and animals, on account c 
oeruhf^llbrogenous and inorganic matters, which enter into their composition 
Anfbng them may be noticed, Nettles, Docks, Borage, Henbane, Xandmrn 
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Here, also, have been placed some plants immediately connected with the habi¬ 
tation of man, sncb as Baeodium caUtre, a fnngns found on wine casks, Conferva 
fenestrdis, an alga prodneed on window-panes, and Conferva dendrita, one de¬ 
veloped on paper. Some plants, as Sempervivum tecionm, select the rooik of 
honses. 

n. Plants growing in vegetable mould; such as bog-plants, or those growing 
on wet soil, so soft that it yields to the foot, but rises again; and marsh plants, 
growing in wet soil, which sinks under the foot and does not rise. _ To the for¬ 
mer class belong such plants os Pinguicula alpina and Primvh faiinotai to the 
latter, such as MenpanVies, Comaram, Bidens cernua. 

12. Forest plants, including trees which live in society, as the Oak, the Beech, 
Firs, &c., and the plants which grow under their shelter, as the greater port of 
the European Orcliises, some species of Carex and Orobanche. Some plants es¬ 
pecially grow in pine and fir-woods, as Linruea borealis, and some Pyrolas. 

13. Plants of sterile places, found in, barren tracts, by roadsides. This is a 
heterogeneous class, and contains many plants of uncertain characters. Under 
it are included the plants of uncultivated grounds, as those found in moors, where 
CaUma vulgaris, common heather and various Heaths, Juniper, Andromeda, and 
some species of Pob/trickum occur. 

14. Plants of the thickets or hedges, comprehending the small shrubs which 
constitute the hedge or thicket, as the Hawthorn and Sweet-briar; and the her¬ 
baceous plants which grow at the foot of these shrubs, as Adoxa, Wood-sonel, 
Violets; and those which climb among their numerous branches, as Bryony, 
Black Bryony. Honeysuckle, Traveller’s Jot, and some species of Lathams, 

15. Plants of the mountains, which De Candolle proposes to divide into two 
sections: 1. Those which grow in alpine mountains, the summits of which are 
covered with perpetual snow, and where, daring the heat of summer, there is a 
continued and abnndant flow of moisture, as numerous Saxifrages, Gentians, 
Primroses, and Rhododendrons. 2. Those inhabiting mountains on which the 
snow disappears during summer, as several species of Snap-dragon, among others 
the Alpine Snap-dragon, Umbdliforons plants, chiefly belonging to the genus 
SeseU, meadow Saxifrage, Labiate plants, &c. 

C.— Plants Grmving in Special Localities. 

16. Parasitic plants, which derive their nourishment from other vegetables, 
and which, consequently, may be found in all the preceding situations; as the 
Misletoe, species of Orobanche, Cuscuta (Dodder^ Loranthus, Bafflesia, and 
numerous Fungi. 

17. Pseudo-parasitic plants, or Epiphytes, which live upon dead vegetables, 
as Lichens, Mosses, &c., or upon the bark of living ve^tabies, but do not derive 
much nourishment from them, as Epidendrwm, Aerides, and other Orchids, as 
well as Tillandsia, Bromelia, Pathos, and other air-plants. 

18. Subterranean plants, or those which live underground, or in mines and 
caves, almost entirely excluded from the light, as Bysswt, Truffles, and some 
other cryptogamic plants. 

19. Plants which vegetate in hot springs, the temperature of which ranges 
from 80® to ISO® of Fahrenheit’s thermometer ; as Vitex Agnus-eastiu, and 
several ciyptogamous plants, as Ulva thermalis, the hot-spring Laver. 

20. Plants which are developed in. artificial infusions or liquors, as various 
kinds of Mucor, causing mouldiness. 

21. Plants growing on living animals; as species of Splueria and Sareituda, 

and various other Fungi and Algae. < 

22. Plants growing on certain kinds of decaying animal matter; such as species 
of Onygen^ mnnd on the hoofs of horses, feathers of birds, &c., some species of 
Fungi, which grow only on the dung of animals, and certain species of Sptaekjmm. 
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1140. light is an agent that has a powerful influence on plants, 
as regards their vigour, irritability, secretions, and colour. Hence, in 
those regions where the light is intense, the vegetation presents certmn 
peculiarities. The luxuriance and greenness of the leaves, the nature 
of the woody matter deposited, of tlie fruit produced, and of the secre¬ 
tions formed, are all influenced in some degree by the intensity of the 
sun’s rays. Little is knovm in regard to the effects of increased or 
diminished atmospheric pressure on plants. The effects of the atmo¬ 
sphere have been studied chiefly as regards dryness and moisture, and 
the mixture of certain gases wim it, especially in the vicinity of manu¬ 
facturing towns 297). 

1141. The effects of climate and season on the leafing, flowering, and 
fruiting of plants, may be seen in the case of some species which arc 
found distributed over various cotmtries in Europe. Berghaus Las 
made an extensive series of observations on the subject. The Lilac 
{Syringa vulgaris), according to him, unfolds its leaves at Naples, in 
latitude 41“, during the first half of the month of January; near Paris, 
in latitude 49“ on the 12th March. The Elder unfolds its leaves 

At Naples,.January 1—15. 

At Paris,.Pebmary 14. 

In England,.March 8. 

’At Upsal,.March 1—8. 

The Beech unfolds its leaves 

At Naples,.End of Marclu 

In England,.1st May. 

At Upsal,.Beginning of May. 

In regard to flowering, Berghaus states, that in the middle latitudes 
of Europe and North America, it is generally four days later for each 
degree of latitude towards the north. Tire same plants flower at 
Zurich 6 days later than at Parma; at Tubingen, 13 days later; at 
.Jena, 17; at Berlin, 25; at Hamburgh, 33; at Greifewald, 3C; and 
at Christiania, no less than 52 days later than at Parma. In the Berlin 
district, an elevation of 1000 feet renders vegetation 10 to 14 days 
later: so also in regard to fimiting. The wheat harvest begins 

At Naples,.In Jnne. 

In Central Germany,. July. 

In the Sonth of England,. August. 

Ripe Cherries are-to be had 

At Naples,..i.Jirst days of May. 

At Paris,.End of June. 

luu^ntral Germany,. do. 

IiMr South of England,.22d July. 

U.—DISSEMINATION OP PLANTS. 

1.—AOEItTS BHPLOYED IN IBEIB DlBBBUINATlOS. 

S. Some plants are disseminated generally over the globe, while 
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(itliers are confined within narrow limits. Some of the common weeds 
in Britain, such as Chickweed, Shepherd’s-purse, and Groimdsd, are 
found at the southern extremity of South America. Lemna minor and 
trisuica, Convolvulus sepium, Phragmites communis, Cladium Maris- 
cus, Sdrpus lacustris, Juncus eflmsus, and Solanum nigrum, are stated 
by Meyen to be common to Great Britain and New HolWd. Nas- 
turtimn officinale, and Samolus Valerandi, are very extensively difiused, 
and they may be reckoned true cosmopolites. They are both natives of 
Europe, and they occur, the former near Rio Janeiro, the latter at 
St. Vincent. The lower the degree of development, the greater seems 
to be the range. Some Cryptogamie plants, as Lecanora subfiisca, are 
foimd all over the world. Man has been instrumental in difiusing 
widely culinary vegetables, such as the potato, and the cereal grains, 
as well as many other plants useM for food and manu&oture. Corn 
plants, such as Barley, Oats, Kye, Wheat, Spdt, Bice, Maize, and Millet, 
are so generally cultivated over the globe, that almost all trace is lost of 
their native country. Tliey can arrive at perfection in a great variety 
of circumstances, and they have thus probably a wider geographied 
range than any other kind of plant. As regards tliese plants, the 
globe may be divided into five grand regions—^the region of Rice, 
which may l>e said to support the greatest number of the human race; 
the region of Maize; of Wheat; of Rye; and lastly, of Barley and Oats. 
The first three are the most extensive, and Maine lias the greatest 
range of temperature. Tlie grains extending ferthest north in Europe 
are Barley and Oats. Eye is the next, and is the prevailing grain in 
Sweden and Norway, and aU the lands bordering on the Baltic, the 
nortli of Germany, and part of Siberia. Wheat follows Eye; it is 
cultivated in the middle and south of France, England, part of Scot- 
knd, part of Gennany, Hungary, Crimea, and the Caucasus. We next 
come to a district where wheat stiU aboimds, but no longer exclusively 
furnishes bread, rice and maize becoming frequent. To this zone 
belong Portu^l, Spmn, part of France, Italy and Greece, Persia, Nor¬ 
thern India, Arabia, Egypt, the Canary ismds, &c. I^eat can be 
reared wherever the mean temperature of the whole year is not under 
87“ (Jr 39“ F., and the mean summer heat, for a period of at lea.st three 
or four months, is above 55“. It success best on the limits of the 
subtropical region. In the Scandinavian Peninsula, the cultivation of 
Barley extends to 70“ north latitude. Eye to 67“, and Oats to 65“. 
The cultivation of Rice prevails in Eastern and Southern Asia, and it 
is a common article of subsistence in various countries bordering on 
the Mediterranean. Maize succeeds best in the hottest and dampest 
parts of tropical climates. It may be reared as far as 40° north and 
south latitude on the American continent on. the western side, while 
in Europe it can grow even to 50“ or 62“ of latitude. It is now cul¬ 
tivated in all regions in the tropical and temperate zones, which are 
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colonized by Europeans. Millet of different kinds is met witb in the 
hottest parts of AMca, in the south of Europe, in Asia Minor, and in 
the East Indies. Henslow gives the following table to show the range 
of Wheat and Barley, and the mean temperature required for them:— 


ut 

62J Feroe,. 

Winter 

Mean. 

Summer 

Mean. 

.51®.. 

70* Laplan^. 



674 BussU,. 



57$ Siberia,. 


.60 .. 

58 Scotland,. 


.67 . 

64 Norway,. 

.23 . 


62 Sweden,. 

.23 . 

.59 . 

604 Bossia,. 

.15 . 


30 Cairo,. 



22 Macao,. 



22 Bio Janeiro,.. 

.68 . 

.78 . 

23 fiavannab,.... 



21 Bourbon,. 

.71 . 



Annual 

Mean. 


...33 

1 

...32 

f 

...32 

J 

....46 


....39 


....39 


....37 


....72 


....73 


....74 


....77 


....77 



Barley. 


V Wheat. 


Winds, water, and animals, are also instrumental in disseminating 
plants. Many seeds with winged and feathery appendages are easily 
wafted about; others are carried by rivers and streams, and some can 
be transported by the ocean currents to a great distance, with their 
germinating powers unimpaired. 


2.—General and Endeaiic DisraiBimoN of Plants. 


1143. While some plants are generally diflSised, it is found that the 

different quarters of the ^obe are each characterized by more or less 
distinct floras. Europe, Asia, Africa, North America, South America, 
and Australasia, may be regarded as separate provinces of the vege¬ 
table kingdom, possessing species, genera, and families of plants, which 
give to each division its distinctive features. Humboldt and Bon- 
pland, in their travels in equinoctial America, did not see an exogen¬ 
ous plant whitfo was found equally in the New and the Old World; 
the only plants which they discovered common to both being some 
grasses and sedges. Among 4,160 species met with in New Holland 
by Brown, 166 only were to be found in Europe. * 

1144. Some plants live in society, occupying exclusively large tracts 
of ground, from which they banish all other vegetables. These are 
called by Humboldt Social plants. They give a peculiar feature to the 
countries and districts in which they grow. To this class belong many 
species of Seaweed in the ocean; Cl^onias and Mosses in the waste 
levels of Northern Asia; Grasses (Bamboos), and some Cactuses, Man- 
groyei^ and Avicennias in tropical countries; Ferns in the South Sea 
Islands; Banksia speciosa in New Holland; Cinchonas in certain parts 
of South America; Coniferous trees and Birches in the Baltic and 
Siberian plains. 
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1145. Some plants are very much restricted in their distribution 
over the globe; a few are confined to single localities, while others 
have a litmted longitudinal range. The species of the genus Erica, 
Heath, which extend fixnn northern regions to the Cape of Good Hope, 
are scattered over a .surfece very narrow compared to its length; in 
other words, while their latitudinal range is great, their longitu^nal 
range is very much restricted. Calceolarias occur ohiefty on the wes¬ 
tern side of the Cordilleras of ChilL Lobelia Dortmanna is foimd ^rind- 
pally in the western countries of Europe. Camellias are also fimited 
in longitudinal direction, so also Phalangium bicolor, and Baymondia 
pyrenaica. Arbutus Unedo, Erica mediterranea, and Menziesia poli- 
folia, whose chief seat is in the Pyrenees and the mountains of 
Asturias, migrate in a north-westerly direction, and appear in Ireland. 
It is said that Azaleas, Rhododendrons, Magnolias, Vacdniums, Actseas, 
and Oaks, which form prevailing genera on the east of the Rocky 
Mountains, scarcely appear on the western side. Epacridace® are 
confined to New Holland; Cinnamon, Cloves, and Nutmeg, are the 
produce of the Indian Archipelago; Gentians and Saxifrages, form a 
characteristic feature of the ISuropean Alps; Bejarias and Cinchonas 
of the Peruvian Cordilleras; Schizanthuses of Chili; Polemoniace® of 
California and Oregon; yellow and brown PapHionace® of Australasia; 
Disa grandiflora is a rare orchid peculiar to Table Mountmn at the 
Cape of Good Hope; and Pringlca antiscorbutica is a cruciferous plant 
peculiar to Kerguelens-Iand. It is said that Origanum Toumrfortii 
is found only on a small island in the Grecian Archipelago. The 
vegetation of islands removed fiem continents presents often peculiar 
features, the ocean acting as a barrier to the d&semination of plants. 
The island of St. Helena was originally inhabited by a most peculiar 
vegetation, although its productions now are completely changed by 
the destruction occasioned by cattle, and by the introduction of Euro¬ 
pean and other plants, especially fruit trees. Such may also be said 
of the plants found in the Sandwich Islands, the Society Islands, and 
the Canaries. The island of Madeira has 672 Phanerogamous plants, 
of which 85 are peculiar to it. 

3.—CoSJKCTCRKS AS TO THE MODE IN WHICH THE EABTH WAS OBIOINALLT 
CLOTHED WITH PLANTS. 

1146. It is an interesting question to determine the mode in which 
the various species and tribes of plants were originally scattered over 
the globe. Various hypotheses have been advanced on the subject, 
lonnteus entertained the opinion, that there was at first only one primi¬ 
tive centre of vegetation, from which plants were distributed over the 
globe. Some, avoiding all discussions and difficulties, suppose that 
plants were produced at first in the localities where they are now seen 
vegetating. Others think that each species of plant originated in, and 
was diffiised from, a single primitive centre, and that there were numer- 



570 


OBiaiNAL ■VTOETATIOlf OF THE OIJOBE. 


oas such centres situated in different parts of the world, each centre 
being the seat of a particular number of species; they thus admit great 
vegetable migrations similar to those of the human races. Ihose who 
adopt the latter view, recognise in the distribution of plants some of 
the last revolutions of oiu planet, and the action of numerous and 
varied forces which impede or favour the dissemination of vegetables 
in the present day. They endeavour to ascertain the primitive flora 
of countries, and to trace the vegetable migrations which have 
taken place. Daubeny says, that analogy fevours the supposition 
that each species of plant was originally formed in some particular 
locality, whence it spread itself gradually over a certain area, rather 
than that the earth was at once, by the flat of the Almighty, 
covered with vegetation in the manner we at present behold it. The 
human race arose from a single pair, and the distribution of plants 
and animals over a certain definite area, would seem to imply that 
the same was the general law. Analogy would lead us to lieheve, 
that the extension of species over the earth originally took place on 
the same plan on which it is conducted at present, when a new island 
starts up in the midst of the ocean, produced either by a coral reef or 
a volcano. In these cases the whole surface is not at once overspread 
with plants, but a gradual progress of vegetation is traced firom the 
iicddental introduction of a single seed, perhaps of each species, wafted 
by winds, or floated by the currents. The remarkable limitation of 
certain species to single spots on the globe, seems to favour the suppo¬ 
sition of specific centres. Profefssor E. Forbes says, the hypothesis of 
the descent of all the individuals of a species, either from a first pair or 
from a single individual, and the consequent theory of specific centres 
being assumed, the isolation of assemblages of individr^ from their 
centres, and the existence of endemic or very local plants, remain to be 
accounted for. Natural transport, the agency of the sea, rivers, and 
winds, and carriage by animals, or through the agency of man, arc 
insuflicient means in the majority of cases. It is usual to say, that the 
presence of many plants is determined by soil or climate, as the case 
may be; but if such plants be found in areas disconnected from their 
centres by considerable intervals, some other cause than the mere in¬ 
fluence of soil or climate must be sought to account for their presence. 
This cause he proposes to seek in an ancient coimexion of the outposts 
or isolated areas with, the original centres, and the subsequent isolation 
of the former through geological changes and events, especially those 
dependent on the devation and depression of land. Sdecting the flora 
of the British islands for a first illustration of this view. Professor 
Forbea caUs att^tion to the foot, well known to botanists, of certain 
species of flowering plants being found indigenous in portions of that 
area, at & great distance finm the nearest assemblages of individuals of 
the same species in countries beyond it. Thus, many plants peculiar 
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in the British flora to the west of Infland, have the nearest portion of 
their specific centres in the north-west of Spain; others, confined with 
us to the south-west promontory of England, are, beyond our shores, 
ibuud in the Channel Isles and the opposite coast of France; the vege¬ 
tation of the south-east of England is that of the opposite part of the 
continent; and the Alpine vegetation of Wales and the Scotch High¬ 
lands is intimately related to that of the Norwegian Alps. The great 
mass of the Brit^ flora has its most intimate relations with timt of 
Germany. He believes, therefore, that tliese isolated outposts were 
formerly connected together by chains of land, and that they have 
been separated by certain geological convulsions. Ishmds may be 
c'uusidered as the remains of motmtain chains, part of the flora of whidi 
they still exhibit, and the further they are from continents, the more 
Hkdy are the plants to be peculiar. 

1147. All the vegetable productions of the globe are distributed 
according to harmonious laws, which tue by no means fully developed. 
The greater number of families is distributed over the whole globe; 
individual representatives of the groups appearing in difierent regions. 
The re^ons of the globe, as regards their vegetable productions, are 
related either in the families, the genera, or the species of plants 
wHch they produce. By families, Hhids remarks, the most distant or 
general resemblances are established, constituting analogy. One family 
may occupy the place of another in certain regions. Thus, the Me- 
sembiyace® of South Africa arc represented in America by Cactace®; 
and m the south of Europe, only by a few species of Semperviviun and 
Sedum. By grenej'o, a closer approximation is established—^that of 
uJfinHy. The Cistuses of Spain and Portugal are represented by the 
llelianthemiun of the north of Europe; and the genera of Abies and 
Pinus, in arctic and temperate regions, have their representatives in 
the genera Araucaria, Ephedra, and Dammara of the south. By 
speiMs again, the most perfect accordance of characters or identity is 
established. , 

1148. Meyen states, that the species of a genus, and genera, and 
natural orders, proceed from a point, and range themselves round it in 
concentric circles, or spread out fix)m it like rays in all directions; or 
are distributed in belts of greater or less breadth, which are parallel to 
the meridians, or to the parallels of latitudu A genus or femily pre¬ 
dominates in certain regions, and attains its maximum there, while in 
otiiors it is at its minimum. Hence, regions are distinguished by the 
names of plants which attain their maximum there. Palm®, Mu- 
sacc®, Piperacc®, and Scitamine®, attain their maxinlum in the torrid 
zone, although representatives of them extend to high latitudes, or to 
the temperate zona Thus, the Palm called Cham®rops humilis is 
found in 49® north latitude. The Ericace® of the old world have their 
maximum in the south of Africa. A single form, Calluna vulgaris, 
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oKmmon Hratiher, is predominwt in the north; nnd a shroJbby species, 
Erica arborea, represents the order in the south of Europe. Acacias 
attian their. maximum in New Holland, while Acacia heterophylla 
represents the fiimilj in the Sandwich Islands: The Lapuracese of the 
tropes have Laurus nobilis as their representative in Europe. 

4.—DissxiBimoN OF Punts coNSTDEBan FHTSiooNoiao>i.LT and 
SiATisncjo.i.T. 

1149. The distribution of plants over the globe may be considered 
ttther Phyeiogrumdcally, as regards the prevalence of certain vegetable 
forms which give a general cmracter to the landscape of a cotmtry; 
or SUOistically, as regards the numerical proportion which different 
groups bear to each other, or to the whole known plants. 

1150. PfersiagBoasr ofTcgeiiuioB. —^In prosecuting this department 
of ^tanical geography, it is necessary to specify those vegetable forms 
which give a character to the landscape. This has been done more 
especially by Meyen, who gives the following series:— 

1. Giamineous or GrassjPorm. This is illustrated in northern countries 
by meadows and pastures. The cereal grains also have a great inflnence on 
the aspect of countries. Under this form are included Cyperacefe, Bestiaceo;, 
and Jnncacero. In the torrid zone some arborescent forms ocenr, as Bamboo; 
and along with these are associated Sngar-cane and Rice. Barley is an extra- 
tropical form, while Carex extends to cold regions. 

2. ScitamineooB Form. This mdudes the Ginger, Arrow-root, and Plantain 
family, some of which attain a large size. They contribate to give a character 
to the torid zone. 

8. Fandanus or Screw-pine Form. A tropical form illustrated by Screw- 
pines and Droemnas. 

4. Pine-apple Form. Dlnstrated by the Bromeiiaceec of warm climes. 

5. The Agave or American Aloe Form. Chiefly tropical and subtropical. 

6. The Palm Form. Under this are included also the Cycadacoous family. 
They give a character to the hotter regions of the globe, ^me of the Palms 
are social, as the Date and Coco-nut Chammrops hnmilis represents this form 
in Enrope. 

7. Filicd or Fern Form. True Ferns, in an especial manner, affect the 
landscape in tropical and warm rc^ons. 

8. Mimosa Form. This includes Deguminous plants in gene|»l. The finely- 
cut foliage of some has a resemblance to Ferns. Modifications of this form 
occur both in warm and cold regions. Acacias in New Holland give a peculiar 
feature to the landscape. 

9. Coniferous Form. The Abietinea: are diaracteristic of northern regions, 
and the Cupressinem of southern. 

Ife The Protea, Bpacris, and Erica Forms. These forms supply the place of 
Coniferss in the southern bemirohere. The Frotea and !^acris forms occorring 
in Australasia, and the Erica form at the Cape of Good Hope. 

11. Myrtle Form. Some of these, sueb as Melaleuca and Eucalyptus, char¬ 
acterize New Holland sceneiy; others, as Gnavas, are tropical 
‘ 12. Forms of Dicotyledonous trees, ^me with broad and tender leaves, as 
Birch, Alder, Poplar, Oak, Lime, Elm, Beech, and Horse-chestnut, ^ving a 
character'to .the.phyBiognomy of the colder half of temperate climates; wwc 
otlmrs, srith thick leathery, and showy leaves, as Olives and Laurels, are dbar- 
teristic of warmer climates; and a third division, with large, beantifel leaves, 
Cecropia, Artocarpns, and Astrapsea, abound in the hottest climates. 
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13. Cactns Form. This form is dereloped in Amerien, «speciBl^ in 
Brnnil. 

14. F^m of Succnlent pluits. Seen in the Mescmbt^aceaj of South Aj^en. 

15. Lily Fonn. This includes Liliacen, Amaryllidacese, and Iridacece. Ko- 
diflcations of this form occur in warm and temperate climates. 

16. Forms of Lianas or Climbing-plants. These forma are chiefly tropical, 
and are illnsfesated by Passion-flowers, Paullinias, Aiistolochias, and Bauhmias. 

17. Fothos Form. This is a tropicd form, and is illustrated by Tarious spe¬ 
cies of Aracesa. 

18. Orcbideons Form. This is seen in the splendid Epiphytes of warm cli¬ 
mates. Terrestrial species chiefly occur in cold zones. 

19. The Moss Form. 

SO- The Lichen Form. Both these forms characterize cold regions chiefly. 
Besides the forms of plants, it is found that the prevalent colotirs 
sometimes give a character to the vegetation. White or pale-coloured 
flowers are said to be more abundant in northern latitudes than in the 
tropics, and in alpine situations they are of more frequent oocurrenee 
than in the plains. The xanthic series of colours, Hinds states, is 
abundant williin the tropics in the autumn, on the plains over the 
mountains. The flowers of the cyanic series, especially intense blues 
and violets, delight in the clear skies of subtropical regions. Hinds 
gives the following tabular view of the relative proportion of colours: 


Central ATnericay. 

Cyffloic. 

. 12 . 

Xaafliic. 
. 30 . 

White. 
. 8 

Sandwich Islands,. 

. 12 . 




. 2fi . 

. 13 . 

. 11 

California,. 



. 6 


. 12 . 

. 23 . 

. 15 

Hong-Kong,. 

. 13 . 

. 27 . 

. 10 


Geyer says, that vivid colours mark tlie basaltic plains of Upper 
Oregon; blue and purple, eastward; scarlet with golden-yeUow, west¬ 
ward; glaucous green reigns in the herbage over the plains; deep 
saturated green in the vaUies. 

1151. Diatiztics of Tcgetation. —^Thc number of known vegetable 
&nilies differs in different latitudes. In examining the distribution 
of the great classes of the Vegetable Kingdom, it be found that 
certain relative niuncrioal proportions have been ascertained. It is 
not easy to estimate the proportion which Cryptogamous bear to Pha¬ 
nerogamous plants. From data already given, it may be estimated 
that the proportion for the whole world is as 1 to 7. Ihis proportion 
varies in diferent regions; the Cryptogamous plants mcreasing in 
vheir proportion in the northern parts of the temperate zone. Ferns 
are to known Phanerogamous plwts as 1 to 20. This proportion is 
least in the middle of the temperate zone, and becomes l»ger towards 
the equator, and towards the poles. Ferns, however, attain their ab¬ 
solute maximum at the equator, and their absolute minimum in the 
arctic zone. At North Cape, there are only form species of Feins 
found, and yet their proportion to Phanerogamia is 1 to 7 there,; and 
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in Greenland, 1 to 10 Humboldt says, that in the torrid 

zone, Monocotyledons are to Dicotyledons as 1 to 6; in the temperate 
zone, as 1 to 4; and in the arctic zone, as 1 to 3. Monocotyledons 
increase in proportion to Dicotyledons as the latitude becomes higher. 
Some natui^ orders are very generally diilused, as Leguminosse, Mal- 
vaceas, EantmciilaocsE, Oaiyophyllaceaj, CruoiferK, and Umbelliferse. 
Cellular plants have also a wide range, and so have aquatics. Jun- 
cacese, Cyperacese, and Gramineaj, increase in proportion to all the 
Phanerogamous plants, as the latitude becomes higher; while Eesti- 
acesB, Leguminosffi, Euphorbiaoese, and Malvaceas, decrease. Cruciferas, 
Umbelliferse, and Compositse, are highest in their proportion in the 
temperate zone, diminishing towards the equator and the poles. Hinds 
gives the following statement as to certain families which are almost 
exclusively confined to one of the six great divisions of the globe:— 

In Europe,—Gtlobulariacea; a section of Seloginacca:, Ceratophyllacem. 

In Asia,—^Dipterocarpoceie, Aquilariacese, Csmelliacea!, Moringacea-, Stik- 
ginacem. 

In Africa,—Brnniacese, Brexiacca:, Bclvisiacea:, Penajaceie. 

In North America,—Sarraceniacem. 

In South America,—Bhizobolaceie, Monimiacea:, Simorubaccie, Vochysiacea;. 
Calyceraceo;, EscaHoniacca:, Hamiriacete, Ijacistemacea^ Papayacetu, GiUiesi- 
acem, Gesneracem. 

In Australasia,—^Tremandrocem, Epacridaccm, Goodeniaccse, Stackhoosiaceic, 
Brnnoniacem. 

He also gives the following list of natural orders, as prevailing in the 
northern hemisphere and southern hemisphere:— 

In the northern hemisphere, the following natural orders abound, or arc pre¬ 
dominant :—Aceracem, Anrantiacem, Artocarpew a section of Urticacea^ Amen- 
tacem, Berbcracem, Boraginacete, CarTOphyllaccns, Cistaceo^ Crucifera), Coni- 
fera^ Campanulacea:, Caprifoliaccic, Uipsacace.-c, Ebcagnaceos, Fumariaceu;, 
Grossulariaccec, HypericaceKs, Hippocastaneas a section of Sapindacem, Hamame- 
lidacess, Magnoliacem, Onagracea;, Orobanchacea;,Pui>aTeTacea!, Bosacete, Ranun- 
cnlacese,Bntaceffi,Bes^ccte,Saxifragace!B,Umbelliferai,yacciniacea!,Alismacea-. 

In the southern hemisphere, the following natural orders are predominant:— 
Athcrospermaoea;, Cactacem, Crassnlacem, Capparidaeea!, Diosmeee a section of 
Butacem, Diileniacem, Gcraniacem, HcUotropem a section of Ebretiacero, Myrta- 
ce®, Mclastomacem, Mesembryacese, Myoporinea: a section of Verbenacew. 
Mdpighiaee®, Oxalidaceaa, Pittosporacesc, Polygalacea;, Frotcaccec, Scicroleie 
a section of Goodeniacese, Spigeleee a section of Eoganiacoa}, Stylidiace®, Ama- 
ryllidacete, Hsamodoraceee, Iridacc®, Bestiacc®. 

It is sometimes difficult to teU in what division of the globe a family 
may be said to be chiefly represented, inasmuch as the species and 
genera are nearly equal in different countries. When a group of 
plants occurs only in one of the six great divisions of the ^obe, it is said 
to be mommic (jtouas, one, and roftoi, a region). Thus, Voohysiacese, 
being confined tef South America, is a monomic family; and Cliflfortia, 
whose dirubby species are all indigenous to South Afiicsi, is a monomic 
; genus. Agmn, a natural family, common to all the divisions, bpol^- 
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lumtc; and so also genera, as Viola or Eanuncnlns. If restricted to 
two or more divisions, the groups are dinomic, trirwmc, &c. Acer- 
acese, fotuxd in Europe, Asia, and North America, are trinomic. 

6. —PHTTO-GEOGBArHlOAL DIVISION OF THE GlOBE. 

1152. The subject will be considered in two points of view:—1. In 
respect to the horizontal or latitudinal range of vegetation; and 2. 
In respect to its vertical or altitudinal range. 

1153. KofIbombI BfuiRe of Tegemtion. —Various attempts have been 
made to divide the globe into zones or kingdoms, founded on the char¬ 
acters impressed upon them by the nature of the vegetation. WLQde- 
now, Treviranus, De Candolle, Schouw, and Meyen, have each pro- 
jwseid arrangements. Those of Schouw and Meyen chiefly d^erve 
attention. 

1154. Schouw, in Ids divisions, proceeds on the principle of the 
predominance of certain characteristic forms or families of plants. His 
system is founded on the three following requisites:—1. That at least 
one-half of the known species of plants of that part of the earth, consti¬ 
tuting a botanical region, should be peculiar to it. 2. That one-fourth 
^lart of the genera of the region should be peculiar to it, or at least, ^ould 
have so decided a maximum as to be only represented in other regions. 
3. That individual &milies shotdd eitlier be peculiar to the region, or 
at least reach their maximum in it. Hie regions are divided into pro¬ 
vinces according to minor diflerences in the vegetation; one-fourth 
of peculiar species, or some peculiar genera, being sufficient to form a 
province. 

1155.— Scliouw's Phyto-Geographic Begiom. 

1. The Begiou of Saxifragacea and Mmci, or the Alpine Arctic 
Flora.—^This re^on is characterized by the abimdancc of Mosses and 
Lichens, the presence of Scmfragacece, Gentianacece, CaryophyllaoecB, 
Gyperacea, Salices; the total absence of tropical flunilics; a notable 
ilecrcase of the forms peculiar to the temperate zone; by forests of Fir 
and Birch; the small number of annual plants, and the prevalence of 
perennial species; and finally, a greatCT liveliness in tlieir simple 
wlours. In this region there is no cultivation. Hie region is divided into 
two provinces:—1. The province of tlie Carices, or the Arctic Flora, 
which comprehends all the countries within the polar circle, with some 
parts of America, Europe and Asia, which are to tlie south of it, more 
■'Specially Lapland, the north of Russia, Siberia, Kamschatka, New 
Britain, Cana^ Labrador, Greenland, and the mountains of Scotland 
and Scandinavia, mean temperature 36" to 41®. 2. The province of 
Brimulacece and PhyteurruB, or the Alpine Flora of the south of Europe, 
which embraces the flora of the Pyrenees, Switzerland, the l^ol. Sa¬ 
voy, the mountains of Greece, the Appenines, and probably the moun¬ 
tains of Spain. Mean temperature, 47" to 66". 
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2. llie Region of UmbeCUferoB and Crudferce. —^These teibes are here 
in mudi greater number than in any other region; Bosacem, Scmun- 
culacecB, Fungi, Ammtaceae, and Gomferce, likewise very numerous; the 
abundance of Carices, and the Ml of the leaves of almost all the trees 
during winter, form also important features of this division. It may be 
separated into two distinct provinces;—1. The province of the Cichor- 
ac&B, which embraces all the north of Europe, not comprehended in 
the preceding region, namely, Britain, the north of France, the Nether¬ 
lands Germany, Denmark, Poland, Hungary, and the greater part of 
European Russia. 2. The province of the AstragaU, Halophyta, and 
CywmxxpJialcB, which includes a part of Asiatic Russia, and the coun¬ 
tries about the Caucasian and Altai mountains. Mean temperature, 
86® to 67*. The cultivated plants are—^Rye, Barley of different kinds, 
Oats, Wheat and Spelt, Maize, Sfillet, the Potato, Buck-wheat, Apple 
and Pear, Quince, Cherry, Phxm, Apricot, Peach, Mulberry, Walnut, 
Vine| Gooseberry and Currant, Strawberry, Cucumber and Melon, 
Cabbage, Mustard, Pea, Bean, Beet, Spin^, Carrot, Flax, Hemp, 
Trefoils and Vetches, Rye-grass, &c. 

3. The Region of LaJbiatoe and Caryophyllacece, or the Mediterranean 
Flora.—It is distinguished by the abundance of the plants belonging 
to these two orders. Compositce, GcHiacew, Boraginacm also occur in 
considerable quantify. Some tropical families are also met witli, sucli • 
as Palms, Laurels, Aracea, AnacardiacecB, grasses belonging to the 
genus Pmimm (nuUet), and some Cyperaceos. Sokmacece, Malvami\ 
Legwminosoe, Urticacece, and EuphorUacece increase. The forests are 
composed chiefly of AmentaceoB and Comferm, as birches, oaks, firs, 
&c., the copses, of Erimcm (the heath tribe,) and Anacw&icecs, as 
the mastieh. We meet in this region with a great number of ever¬ 
green trees. Vegetation never ceases entirely, but verdant meadows 
are more rare. Schouw divides this region into five provinces:—1. 
The province of the Cistuses, including Spain and Portugal 2. The 
province of the Salmm and Scabtosoe, the south of France, Itaty, and 
Sicily. 3. The province of the Shrubby Labiatm, the Levant, Greece, 
Asia Minor, and the southern part of the Caucasian countries. 4. The 
Atlantic province, the north of Afiica, of which he does not yet know 
any distinctive character. 5. The province of Semperdva, the Canary 
Isles, and probably also the Azores, Madeira, and tiie north-west coast 
of Africa; many Sempervimms, and some Euphorbias with naked and 
spiny stems particuMly characterize this province. Erica arborea, 
and Pinus ccmariensis are found here. Mean temperature, 54® to 72®. 
Cultivated plants are the same as in the second region, with the addi¬ 
tion of Rice, Guinea Com, Italian Millet, Fig, Almond, Orange aftd 
Lemon, Watet Melon, Olive, Cotton. Eye and Buck-wheat are only 
cultivated in the mountainous regions. 

4. The Region of Asters and Solidagos. —^This is marked by the great 
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number of species belonging to these two genera, by the great variety 
of Oaks and Firs, the small number of Gructferm and Uinbdliferm, Ci 
t’liora/cem, and CymrocephalcB, the total absence of the genus Erka, or 
heath, and the presence of more numerous species of Vaccinmm, or 
whortleberry, than are to be met with in Europe. It comprehends 
the whole of the eastern part of North America, with the exception of 
what belongs to the first region. It lias been divided into two pro¬ 
vinces:—1. That of the south, which embraces the Floridas, Alabama, 
Mississippi, Louisiuia, Georgia, and the Carolinas. 2. Tliat of the 
north, which includes the other .states of Nortli America, such as Vir¬ 
ginia, Pennsylvania, New York, &c. Mean temperature, 54® to 72°. 
In the northern districts, down to the parallels of 55° or 50°, there is 
no cultivation. South of this line, the cultivation is the same as in the 
second region. Maize is cultivated to a greater extent in North 
Araericii than in Europe. 

5. The liegion of Magnolias, comprising the most southern parts of 
North America, between 3G° and 30°. Hie tropical forms which show 
themselves more frequently than on a similar parallel of the old con¬ 
tinent, are the chief feature in the vegetation. Thus we meet with 
Anoiuuieai, SapindacecB, Mektstommme, Cactaceos, and Zingiberaceai. 
Tliis region has fewer Labiatw and Caryophyllacea) than occur in cor¬ 
responding latitudes in the Old World. It presents more trees with 
fine blossoms, and sliiuing, sometimes pinnated, hsives, as Mangoliii, 
Tulip-tree, Horse-chestnut, Eobinias or False Acacias. Mean temper¬ 
ature, 59“ to 72°. The same plants cultivatijd as in the third region, 
nice is much cultivated. In the southern district, the Sugar-cane is 
[iroductive; and, in the eastern districts. Cotton is grown to a great 
extent 

6. The Region of Camelliacea' and Celastracew, or the Japanese re¬ 
gion.—^This region is as yet too little known to enable us to determine 
ficcuratcly its characteristic features. It embraces the eastern temper¬ 
ate part of the old continent, namely Japan, the north of China, and 
Chinese Tartary, between lat. 30° and 40" north. Its vegetation ap¬ 
pears to occupy a middle place between that of Europe, and that of 
North America, approaching more to the tropical tlian to the European. 
It has an affinity to the ImUan Flora, as shown by the occurrence of 
Ranauas, Palms, Zingiberaceoe, Anonacem, Haphukuxce, and Cycadaeea<. 
We meet with Erinhotrya japonica or Loquat, Ten, and various species 
of Citrus. Mean temperature, 54“ to 68°. The cultivated plants are 
—Rice, Wheat, Barley, Oats, MUlet, Buckwheat, Apple and Pear, 
Quince, Plum, Cherry, Apricot, Peach, Loquat, Orange and Shaddock, 
Melon, Tea, Hemp, Paper-Mulberry, Cotton, and False Sago. 

7. Tlie Region of Zingiberaceai, or the Indian Flora.— Zirtgiberaceic 
here are much more numerous than in America, as well as Legundnosm, 
CucurbUacecB, and I'iliacecB, although in a less degree. In consequence 

2 i‘ 
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of the imperfect state of our knowledge, we cannot subdivide tliis re¬ 
gion into provinces. It comprehends India, east and west of the Ganges, 
file island of Ceylon and the south-eastern Peninsula, to the height of 
4,500 to 5,500 feet above the level of the sea. Mean temperature, 65“ 
75' to 81“ 50'. The cultivated plants are—^Eice, Coco-nut, Tamarind, 
Mango, Ginger, Cinnamon, Mangosteen, Peppers, Indigo, Cotton, Coffee, 
Bananas, Guava, Orange and Shaddocl^ Sugar-cane, Cloves, Turmeric. 

8. The Emodic Region, or the Mountains of India.—^This comprises 
the Alpine region south of the ridge of the Ilimalayx It includes Sir- 
more, Gurwal, Kamaon, Nepal, and Bhotan, to a height of from 4,500 
to 10,700 feet above the level of the sea. Some tropical plants grow in 
the lower parts of the region. Deodar, Phms excebm, Webbittna, and 
other Con^erw, are met with. Mean temperature, GC“ to 37“. Some 
European grains and fimit are cultivated, along with Mountain Rice. 

9. Tlie Region of the Asiatic islands.—This includes the mountain¬ 
ous districts of the islands between the south-eastern Peninsula and 
Australia, to the height of 5,500 feet above the level of the sea. Meim 
temperature 66“ to 84". The cultivated plants arc those of the 
Indian region (7); also. Breadfruit, Cassava, Nutmeg, Camphor, Papaw, 
and Dammar. 

10. The Region of Upper Java.—This embraces those districts of 
the island of Java and the islands of the Indian Archipelago, wliidi 
have an elevation of 5,500 feet above the level of tlie sea. The vege¬ 
tation of this region has not been sufficiently ascertained. 

11. The Polynesian Region.—^niis includes all the islands of tin; 
Pacific Ocean within the Tropics. Mean temperature, 72" to 82". 
The cultivated plants arc—Bread-fruit tree. Coco-nut, Double Coco¬ 
nut, Yams, Plantain, Cabbage, Palm, Paper-Mulberry. 

12. The Region of Ayiimdacea;, or of Balsam trees.—^nds compre¬ 
hends the Persian or Arabian Flora, especially the south-western part 
of the liiglilands of Arabia or Yemen, lii this region are many trees 
yielding gums and balsamic resins, as species of Ilfimsa, Acdcia, Jial- 
s(tmodendron, Boswellia. Cultivated plants arc—Maize, Millet, Date- 
palm, Coco-nut, Fig, Apricot and Peach, Plum, Apple, Quince, Vine, 
Coffee-tree, Tamarind, Papaw, Sugar-cane, Ginger, Cotton, and Indigo. 

13. The Desert Region.—^This includes Northern Africii, to the 
south of the mountains of Athis, between lat. 30” and 15" N., and the 
northern part of Arabia. Phamie ^ctylifera, or the Date-palm, and 
Qwdfera thebuica, or Doom-palm, tvre found here, but little is known 
in regard to the vegetation of the region. Mean tempcratiu'e, 72“ to 
86". Cultivation is confined to the valley of the Nile and the Oases. 
We meet with Guinea Com, Wheat and Barley, and the South Euro¬ 
pean and Indian grains. 

14. TIic Region of Tropical Africa.—^This includes that put of Africa 
lying between the parallel of 15", and the tropic of Capricorn, or be- 



scnouw’s PHYTO-GEOGEArmC EEGION8, 


579 


tween the northern and southern limits of periodical rains, with the 
exception of Abyssinia and the unknown countries of the interior. The 
Flora of the western part of this region is characterized in part by the 
presence of Adansmm, or the Boabab, the largest known tree. We 
also meet with the EUm giuneemis, a palm which furnishes oik Other 
characteristic plants are SarcocepJialus esculentm and Schmiedelia afri- 
cana. The vegetation of Guinea and Congo is a mixture of the Floras 
of Asia and America, though most resembling the former. The 
eastern part of the region, including Madagascar, has a peculiar Flora, 
distinguished chiefly by tlie genera Datum, Ambora, Dombeya, Dufau- 
rea, JMchptmneles, and Senacea. Mean temperature, 72“ to 86°. 
Cultivated plants: Maize, Eice, Guinea Corn and Millet, Yams, Cassava, 
Banana, Mango, Papaw, Pine-Apple, Cashew, Tamarind, Coffee, Sugar, 
Cotton, Ginger, Cardamoms, Earth-nut. 

15. Tlie Kegion of GaeUwem and Piperacew. —^This embraces Mexico, 
New Grenada, Guiana, and Peru. 'Ihcse natural orders are here pre¬ 
dominant, both as regards the number of species and the individual 
plants. Murichi or Ita Palm, Phytelqthas or Ivory Palm, and Victoria 
regia, are peculiar to Guiana. Mean temperature, 68" to 84°. Cul¬ 
tivated plants: Maize, Guinea Corn, Cassava, Yams, Batatas, Arraca- 
cha. Arrow-root, Plantain, M.ango, Custard Apples, Gusiva, Coco-nut, 
Papaw, Avocado Pear, Pine Apple, Cashew, Tamarind, GrenadiUa, 
Vine, Indian Fig, Jambos, Chocolate, Vanille, Coflee, Sugar, Capsicum, 
Cochineiil-Cactus, Cotton, Earth-nut. 

16. 'Ilic Eegion of the Highknds of Mexico.—This embraces the 
distj-icts wliich have an elevation of more than 5,500 feet above the 
level of the se.n. Many European phmts are cidtivated here, as well 
as Maize. Pimis rcligiosa and other Coniferee are found. Mean tem- 
peniture, 78" to 64". 

17. The Eegion of Cinchona, or Medicinal Barks.—^Tliis comprises 
a part of the elevated regions or Cordilleras of Soutli America, included 
in tlie torrid zone, the Andes from 5,500 to 9,000 feet. The Ginchma 
belongs exclusively to this region, and forms its principal feature. In 
the higher regions the Potato and Quinoa are cultivated, as well as 
some Eimopean grains and fruits. In the lower districts. Maize and 
Coffee are still cultivated. Mean tempcrsiture, 68" to 59". 

18. The Eegion of Emdlonice and Calceolariai. —^It embraces the 
highest parts of South Amcricii, or that portion of the chain of the 
Andes, which has more than 9,60() feet of elevation. Besides the 
plants mentioned, we meet with alpine plants, as Saxifrages and 
Gentians, and species of Draba, Aretmria, Garex, Lobelia, and Salvia, 
besides some European genera belonging to the orders Gramituae and 
CkhoracvcB, such as Jiromm, Festuca, Poo, Apargia, and llypochceris. 
Mean temperature, 59" to 34". 

19. The West Indian Eegion.—This includes the whole district of 
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the Great and little Antilles. Bananas, Plantains, Mangos, Guava, 
Avocado Pear, Tamarind, and many other useful plants are met with. 
The Flora is intermediate between that of Mexico and the northern 
parts of South America. Mean temperature, 59® to 78®. Cultivated 
plants the same as those in the fifteenth region. 

20. Region of Palmas and Melaslomacecb .—It embraces Brazil and 
that part of South America which lies to the east of the chain of th(? 
Andes, between the Equator and the Tropic of Capricorn. Vettozia 
and LichnopKora give a decided feature to the peculiar vegetation of 
some of ^e mountainous parts. Here, also, numerous large peculiar 
species of Esnocaulm occur. Species of Croton, Dorstema, and Heti- 
conia are also met with, along with arborescent Solanumn. In pkce 
of the few mosses and lichens which cover the trunks or branches of 
forest trees in temperate climes, in Brazil they are bearded from tlic 
roots to the very extremities of the smallest branches with Ferns, 
Araceffi, TiUnndsias, Cactuses, Orchids, Piperomias, and Gesneras. Mean 
temperature, 59®to 82®. Same plants cultivated as in the fifteentliregion. 

21. The Region of Arborescent Compostia .—Ihe great number of 
arborescent Compodtm, and of plants belonging to the order Galy- 
ceraceas, forms the chief feature of this Flora, wliich approaches in a 
remarkable manner to that of Europe, whilst it differs entirely from the 
floras of Chili, the Cape, and New Holland. This region comprehends 
the lower part of the basin of La Plata, and the plains which extend 
to the west of Buenos Ayres and ChiK, between the tropic of Capricorn 
and latitude 40® south. (The Flora of Chili approaches that of New 
Holland, the Cape of Good Hope, and New ZeaLmd, in Goodenia, 
Araucaria, Proteacem, Qumvera, Ancistnm.) Mean temperatme, 59® 
to 75®. European plants form here objects of culture. Wheat, the 
Vine, and the Peach, are widely extended; 

22. The Antarctic Region.—^Ihis includes the countries near the 
Straits of Magellan, Terra, del Fuego, and the Falkland Islands. There 
is a considerable resemblance between the vegetation here and what is 
seen in the north temperate zone. Polar forms display themselves in 
the species of Saxifrage, Gentian, Arbutus, and Primrose. There is 
also a resemblance between the plants of this region, and those of the 
mountains of South America, of Chili, the Cape, and New Holland. 
Fagus antarctica, and Winter’s Bark occur here. Many of the com¬ 
mon British weeds are foimd at the .soutliem extremity of South 
America. In the Falkland Islands is found Dacbjlis ccespitosa, the 
Tussac grass, which furnishes most valuable fodder. Mean temper¬ 
ature, 41“ to 46®. No cultivation. 

23. The Region of Megemhryanthema, and StapeUce. These two 
genera, as well as the Ericern, Heaths, are very abundant. The 
latter family is foimd in greater quantity here than anywhere else. 
The region embraces the southern extremity of Africa. Iridoeem, 
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Pelargoniums, Alionece, Bruniacece, and Selaginacem, and various Gna- 
pluiliums and EUchrgswns, occur in this region. Mean temperature, 
55" to 73". Cultivated plants: European kinds of grain, fruit, and 
vegetables; also Batatas, Plantain, Tamarind, Guava, and Shaddock. 

24. The Region of Epacridacew and Eucalypti. —It comprehends 
the temperate parts of New Holland and Austrtdia beyond the tropics, 
with the island of Tasmania or Van Dieman’s Land. Besides the 
plants whence it receives its name, it is characterized by the orders 
StacMowsiacece and Trermndracece, and by the presence of a great 
number of Proteacem, Myrteuxm, Slylidmcm, ItestiacecB, JMosmecB, Casu~ 
nrinccB, and Acacias. Araucaria, or Eutassa excelsa, the Norfolk Island 
Pine, forms one of the features of the region. It is one of the most 
l)eculiar Floras. Mean temperature, 52" to 72". In the British Col¬ 
onies, the European kinds of grain and fruit are cultivated. 

25. Tlie Region of New Zealand.—^This Flora, besides the plants 
peculiar to New Zealand, as Phormium tena.x. New Zealand Flax, com¬ 
prehends several others which belong to the extremities of America, 
Africa, and Australia. We find in these islands Corypha australis, 
the Australian or Southern Palm, Tree Ferns, and Dracamas, forests 
of Dammara australis one of the ConifercB, and many Myrtacecc. 
Mean temperature between latitude 34" and 36" south, fix)m 61" to 
63". Many of the European plants are cultivated.* 

1156. Aleyen divides the horizontal range of vegetation into zones, 
taking for lus basis the three ordimiry divisions of the torrid, the 
temperate, and the frigid zone, and subdividing each hemisphere 
into eight smaller zones. 

1157.— MeyerCs Phyto-Oeographical Zones. 

A.—TOKEIB ZONE. 

1. Equatorial Zone.—This extends 15" on both sides of the equator, 
and has a mean amiual temperature of 78J" to 82-1" F. The forms 
characteristic of this zone are chiefly Palmse, Musaceaj, arborescent 
Gramineae, Pandanus, Scitamineaj, Orchids, and Lianas; besides plants 
belonging to the orders Malvaceas, Anonacea;, AnacardiaceDB, Arto- 
carpeas a section of Urticaceaj, Lecythidacea;, Malpighiaoese, Sapin- 
dace®, CKsalpinie® a section of Leguminosse, Cedrelaccae, and many 
others. 

2. Tlie 'fropical Zone.—‘LTiis reaches from the 15th degree on each 
side of the equator to the tropics, in 23" latitude. Mean temperature 
73^” to 78|". Summer temperature, 80^" to 86"; winter tempera¬ 
ture in the eastern coast countries, 59". Besides many equatorial 
forms, as Palms, Musace®, Scitamine®, Meliace®, Anonace®, Sapin- 
daccffi, Orchidacc®, Aracc®, and Lianas, there are in this zone IVee- 


See a Coloured Delineation of these Regions in Johnston's Map& 
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fems, and plants bdonging to Convol’iralaceaj, Melastomaceas, and Pi- 
peracete. 

B.—lEMBEBATB ZONE. 

3. Subtropical Zone.—^This extends from the tropics, 23", to 34® of 
latitude. Mean temperature, 62^“ to 71^"; summer temperature, 
73^" to 82^®. There is a number of tropical frxiits in this region. 
The winters are mild, and vegetation is green throughout the year. 
In the northern division of the zone. Palms and Bananas grow on the 
plains. The Date-palm, Doom-palm, Chamscrops Palmetto, many suc¬ 
culent Mesembryacese and Crassulacese, arborescent Euphorbias, (la- 
melliii, Thea, Aucuba, and Magnolias, are met with. In the southern 
division are Proteaceaj, Myrtacejc, Epacridacea^ Ericaceas, many Com- 
positse, Diosmese, Znmias, and Cactacese. 

4. The warmer Temperate Zone.—^It embraees the space between 
34® and 45® of latitude, including the southern part of Europe, 
Asia Minor, north of China, and Japan. Moan temperature, 53^® to 
62-^®. Summer temperature in North America, 77"; in Europe, 75^" 
to 68"; in Eastern Asia, 82^®; Winter temperature in tlie New World, 
44^® to 32-^®; in Europe, 50® to 34^”; in Eastern A.sia, 2Ci®. Many 
subtropical fonns occur. Evergreen dicotyledonous trees and shrubs, 
Cistuses, many species of Ericacem, Lauracesc, and Myrtaceas, and the 
Vine, are met with. In some parts of the zone, Solidagos and Asters, 
Magnolias and Snulacea;, abound; while in others there are represen¬ 
tatives of the Mimosa form, Myrtacea3, and Proteaceaj. 

5. The colder Temperate Zone.—This includes a belt from 45® to 
58® latitude. Mean temperature, 43® to 53^®. Minimum summer 
temperature on the West Coast, 5G^®; in the interior of the Continent, 
68"; Minimum winter temperature in the interior of Europe, 14". 
England, the north of France, and Germany, supply the characteristics 
of the vegetation of this zone. It embraces the region of UmbeUiferai, 
and Grumferaj of Schouw. Meyen selects plants having a more marked 
physiognomic effect, such as ordinary Dicotyledonous trees, along with 
Abietineee, and heaths covered with Calluna vulgaris. 

6. The Subarctic Zone.—^This reaches from 58" latitude to the 
arctic circle, 66". Mean temperature, 39J® to 43". Summer tem¬ 
perature in the New World, 66J®; in the Old World, 60|® to 68": 
Winter temperature of the former, 14"; of the latter (Western Europe), 
24|"; of the interior of Eussia, 14® to 10^®. It is characterized by 
Firs and Willows in the northern hemisphere. 

0 _FBIOin ZONE. 

7. The Arptic Zone.—^This extends fi-om the arctic circle, 66®, to 
72®. Mean temperature, 28^® to 32®, and towards the eastern and 
continental portions, far below the freezing point. The Birch, and 
some Conifera}, may be said to characterize tMs zone. 
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8. The Polar Zone.—^This includes all lands from 72“ to 82“ lati¬ 
tude. The mean temperature of one point in this zone, viz., Melville 
Island, is 1^“. In the Old World, ^e mejin temperature is 16i“. 
Summer temperature of the New World, 37^“, and of the Old, 38|“; 
Winter temperature, —28” in the New, and —2|“ in the Old World. 
No trees nor bushes grow in this zone. Some Saxifrages, and numer¬ 
ous Cryptogamic plants, as Lichens, prevail in it. 

1158. TerticBi Ranie of Veaetation. —Under this head we consider 
the changes produced in the physiognomy of vegetation on ascending 
mountains. It has reference to the distribution of plants in an altitu¬ 
dinal or hypsometrical point of view. This geographical range is best 
seen in the high mountains of tropical countries, where aU gradations 
•are met with, from the heat of the torrid zone to the cold of the frigid 
zone. Humboldt, in describing South American scenery, remarks:— 
“ In the burning plains, scarce raised above the level of the Southeni 
ocean, we find Jhuianas, Cycadaceai, and Palms in the greatast luxuri¬ 
ance; after them, shaded by the lofty sides of the vaUies in the Andes, 
Tree Ferns; next in succession, bedewed by cool misty clouds. Cin¬ 
chonas appear. Wlien lofty trees cease, we come to Aralias, Tliibau- 
dias, and myrtle-leaved Androinedas; these are succeeded by Bejarias 
abounding in resin, and forming a ptuple belt around the mountains. 
In the stormy regions of the Pariunos, tlie more lofty plants and showy 
flowering herbs disappear, and are succeeded by large meadows coverlid 
with grasses, on which the Llama feeds. We now reach the bare 
tr.ichytic rocks, on which the lowest tribes of plants flourish. Par- 
melias, I.«cidias, and Leprarias, with their many-colomred sporules, 
form the flora of this inhospitable zone Patches of recently fallen 
snow now begin to cover tlie last efforts of vegetable life, and riien the 
Ime of eternal snow begins.” 

1159. On the mountains of temperate re^ons the variety is rather 
less, but the change Ls not less striking. “ Wc begin to ascend the 
Alps, for instance, in the midst of w.ann vineyards, and pass tlirough 
a succession of oaks, sweet chestnuts, and beeches, till we gain the ele¬ 
vation of the more hardy pines and stunted birches, and tread on 
pastures fringed by borders of perpetual snow. At the elevation of 
1,950 feet, tlie vine disappears; and at a 1000 feet higher, the sweet 
chestnuts cease to grow; 1000 feet farther, and the oak is unable to 
maintain itself; the birch ceases to grow at an elevation of 4,680, and 
the spruce fir at the height of 5,900 feet, beyond which no tree appears. 
The Rhododendron ferrugincum (the IJose of the Alps) then covers im¬ 
mense tracts to the height of 7,480 feet, and Salix herbacea creeps 
200 or 300 feet higher, accompanied by a few Saxifrages, Gfentians, 
and Grasses, while Cchens and Mosses struggle up to the imperishable 
barrier of perpetual snow.” In central and southern Europe, the pro¬ 
portion of Monocotyledons to Dicotyledons, whidi is as 1 to 4 in the 
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plMns, decreases with the elevation on dry mountain slopes, till at the 
height of 8,526 feet, it is as 1 to 7. Moist mountain slopes favour 
Monocotyledons, the proportion on them bemg as 1 to 3. 

1160. The following table shows the height at which com and trees 
grow in different quarters of the globe:— 

Torrid Zone. Temperate Zone. 


Mountains 

Andes, of Mexico, Caucasus, Pyrenees, Alits, I.iiiidand, 

0«Lat. 5l0»Lat. 42«3(>' 40" «7«~70o 


Inferior limit ofper-) 
petual snow,.) 

15,200 feet.. 

...13,478.. 

...9,900... 

...8,400... 

...8,220... 

...3,300 

Upper limit of trees, 

10,800 — .. 

...12,000.. 

...6,700... 

...7,020... 

...6,000... 

...1,500 

Distance between) 
trees and snow, .j 

4,400 — .. 

... 1,478... 

...3,200... 

..1,380... 

..2,220... 

...1,800 

Distance between) 
snow and com,.. / 

5,200 — .„ 

. 

..3,780... 

.. 

...4,200... 

...2,700 


In the Himalaya, the upper l^lt of trees on the south side is marked 
by Quercus semecarpifolia, at 11,500 feet, and on tlic north side by 
Betula alba, at 14,000 feet. The Birch also forms the limit on the 
Caucasian mountains. On the Pyrenees and Alps, the limit of trees 
is marked by Coniferas; on the Pyrenees, by Pinus imcinata; on the 
south side of the Alps, hy Larix europsea, the Larch; and on the nortli 
side, by Abies excelsa. In Lapland, the Birch forms the upper limit 
of trees. The upper limit of shmbs is determined by the lihododen- 
drons in the Old World, on the Pyrenees at 8,312 feet, and on the 
Alps, at 7,480; and by Bejarias on the Andes, at the height of 13,420 
feet. On the south side of tlie Himalaya, Juniperus, Salix, and Eibes, 
form the upper limit of shmbs, at 11,500 feet; on the north, Genista 
versicolor ascends to 17,000 feet. 

1161. The following have been given by some authors as the zones 
of Alpine vegetation:— 

1. Begion of Lowland cnltivation. Its extent of elevation is at the spot where 

the prevailing cultivated plants of the latitude cease to be productive. In 
Mount AStna, it rises to 3,300 feet; on Teneriifc, to nearly 3,000 (zone of 
vines). It embraces two zoaes of the Cactus and Euphorbia in the Can¬ 
aries. In Madeira, it embraces two regions of Spix and Martins; the re^on 
of tropical plants reaching to 700 ihet, and the region of the vine, fruit, and 
com, to 2,300. InKorway, Sweden, and Finmark, it is narrow. In the Car¬ 
pathians, it rises to 1,500 feet. Within the tropics, it is a broad and im¬ 
portant region. On the Andes, at Quito, it only ceases at 5,000 or 6,000 feet. 

2. Begion of Woods. A magnificent region in ml Alpine districts, and well 

characterized on the Andes and Himalaya. Hnmooldt notices it in Ten- 
eriffe. In JEtna, it extends to 6,200 feet. In the Canaries, to 4,080. In 
Madeira (region of Chestnut), to 2,950. In Lapland, it extends to 800 
feet. In Einsufrk, 70° north latitude, to 730. 

3. Begion of'Shrbbs. Begion of Bctama (Spartinm nnbigennm) in Tenerifife. 

Oa the Pyrenees and Mont Blanc, it is extensively covered to about 9,000 
feM.with Bhododendrons. In the Andes, about Quito, it reaches 13,000, 
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and is conspicuons for its shrnbby Composite. In Madeira, it embraces 
Kohl’s regions of Spartium and Heath. On the mouittains of Lapland, it 
attains 1,000 feet, and is characterized by Betala nans, Vaccininm, and 
Salix. In Finmark, its limits are 1,100. 

4. licgion of Grasses. These predominate in certain Alpine sitnations, and in 

certain parallels of latitnde. In South Shetland, none of the islands exhi¬ 
bit any Phanerogamous vegetation, with the exception of straggling grass. 
In MelviUe Island, 75° north latitude, the proportion of Grasses to Phaner¬ 
ogamous plants is 1 to 5; in Groat Britun, 1 to 12^. In the Andes, the 
region is traced to Paramos, and occupies a space of 13,000 to 14,500 feet; 
here are large cattle farms. In the Himalaya, a fine green sward is often 
seen at 14,600 feet. In Teneriife, it is distinguished by Humboldt. On 
the Swiss Alps, Poa annua exists at an elevation of 7,400 feet. 

5. Begion of Cryptogamous plants. This is well marked in many places. 

Colonel Hall, in Chimbora<jo, under the equator, at nearly 16,000 feet, 
found Draba arctoidcs, and Cnlcitinm rufescens; still higher, a moss, which 
may be considered as having attained the highest limit on the globe at 
which vegetable life exists. Lichens are the latest plants met with in 
ascending Teneriffe, the Himalaya mountains, and the Alps. 

11G2. In the mountains of the torrid zone, die foUowing regions 
are described by Meyen, corresponding to the zones given in his hori¬ 
zontal range of vegetation:— 

1. The region of Palms and Bananas, extending from the level of the sea to 
1,900 feet of altitude. .It corresponds to the Equatorial zone. 

3. Region of Tree Ferns, and species of Ficus, extending from 1,900 feet to 
3,800. (Tropical zone.) 

3. Region of Myrtaccic and Lauraceic, extendingfrom 3,800 to 5,700 feet. (Sub¬ 

tropical zone.) 

4. Begion of Evergreen Dicotyledonous trees, extending from 5,700 to 7,600 

feet, (Warm Temperate zone.) 

Begion of Deciduous Dicotyledonous trees, extending from 7,900 to 9,600 
feet. (Cold Temperate zone.) 

6. Begion of Abietiness, the Pine and Fir, extending from 9,500 to 11,400 feet. 

(Subarctic zone.) 

7. Begion of Rhododendrons, extending from 11,400 to 13,300 feet. (Arctic 

zone.) 

8. Begion of Alpine plants and Lichens, extending from the upper limit of 

shrubs to the snow lino at 15,200 feet. (Polar zone.)* 

1163. nisiribBtion of Plants in Britain. —^Thc climate of Britain is 
influenced by its geographical position, and the form and elevation 
of its surface. The eastern coasts partake more of the continental 
clhnate, while the western experience the insular or more equable 
climate. Tlie mean temperature varies from 45° to 51° F. In 
ascending the mountains, there is a fall of 1“ of the thermometer on 
an average for every 230 or 240 feet of ascent. The number of 
Phanerogamous plants amounts to nearly 1600, of Cryptogamous to 
about 4,800. Mr. H. C. Watson, who is our chief authority on the 

♦ On sul^cct of Ilotanieal Geograpliy, the student consult Meyen’s worlc printed by 
the Hay Society: Hooker's Treatise in Murray's Knuyclopsedia of Geojmtphy: Miute Brands 
Pliysicu Geography; Humboldt’s Narrative, &c.; and Berghaus’s Maps, edited by A. K. John¬ 
ston,—a cheap quarto edition of winch is now in the coune of publication. 
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geography of British plants, in his earlier works ^ves the following 
distribution in ascending regions:— 

1. The Begion of the Plains. This includes all the low and open country from 

the south coast of England to the borders of the Highlands, in lat. 56°- 
56j°, terminating at the sea level on the shores of the Clyde and Tay. It 
contains the common weeds and wild flowers of the countty, and among 
trees, the Oak, Ash, &c. 

2. Upland Begion. This is marked by the occurrence of VaecininmVitis-Idaiu, 

Arctostaphylos Uva-Ursi, Polygonum viviparum, Trientalis europasa, Ein- 
nma borealis, &c. 

3. Median Begion. A narrow belt just above the upper limit of cultivation. 

and the growth of Amentacem such as the Oak and Hazel. 

4. Snbalpine Begion. This commences at from 1,500 to 2,400 feet above the 

level of the sea. Juucus trifidns, Soxifruga nivalis, and Gnaphalinm su- 
pinum occur here. 

5. Alpine Begion. This region is only truly seen in Scotland. Saxifttiga ccr- 

nua and rivularis, Draba rupcstris. Luzula arcuato, Stcllaria cerastoides, 
and Alsinc rubella, may be said to characterize it. 

Of late years, Mr. Watson has proposed the following goographiciil 
division of British plants:— 

1. Agrarian. Plants found only within the limits of cultivation, or within the 

limits of Pteris aquilina. in waste land the elevation or climate of whicii 
would not forbid successful cultivation. 

2. Agro-Arctic. Plants found within the region of cultivation, and also above 

these limits. 

3. Arctic. Plants found only above the limits of cultivation. 

1164. In considering the distribution of British plants in connection 
with geographical or local position, Watson suggests tlio following 
types:— 

1. Atlantic type: embracing species found in the south-west of England and 

Wales, as Erica ciliaris, Sibthorpia europasa, and Euphorbia Peplis. 

2. Germanic type: including species chiefly seen in the south-west of England, 

the chalk plants, as Fhyteuma, Ophrys, Hippocrepis, and Onobrychis. 

3. The English type: consisting of species chiefly or exclusively found in Eng¬ 

land, and decreasing in frequency northwards, as Acer campestre, Tamns 
communis, Iris foctidissima. Orchis Morio. 

4. British type: comprehending species widely spread over Britain, as Bcllb, 

Calluna, Corylus. 

5. Scottish typo: embracing species prevalent chiefly in Scotland, or the north 

of England, as Trollius, Linnasa, Andromeda, Primula forinosa. 

6. The Highland type: containing species either limited to the Scottish High¬ 

lands, or extending to the mountains of the north of England and Wales, 
as Salix hcrbacea, Azalea, Arctostaphylos, Lobelia, Subularin. 

7. Hebridean type: composed of a few species peculiar to the extreme north 

and west of Scotian^ or at least chiefly seen there, as Eriocaulon septan- 
gulare, Ajuga pyramidalis. Primula scotica. 

1165. ♦Professor E. Forbes bas adopted Mr. Watson’s view. He 
thinks ihat the vegetation of tlie British island? may be said to be 
composed of five floras:—1. A west Pyrenean, confined to the west of 
Irelmid, and mostly to the moimtains of that district. 2. A flora re- 
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lated to that of the north-west of France, extending from the Channel 
Isles, across Devon and Cornwall, to the south-east and part of the 
south-west of Ireland (Watson’s Atlantic type). 3. A flora common 
to the north of France and south-east of England, and especially 
developed in the chalk districts (Watson’s Gennanic type). 4. An 
Alpine flora, developed in the mountains of Wales, nortl] of England, 
and Scotland (Watson’s Highland type). 5. A Germanic flora, ex¬ 
tending over the greater part of Great Britain and Ireland, mingling 
tvith the otlier floras, and diminishing, though slightly, as we proceed 
westwai-ds, indicating its easterly origin and relation to the character¬ 
istic flora of northern Germany (Watson’s British, English, and Scottish 
types). In attempting to account for the peculiarities of these floras, 
most of which had been previously noticed by Mr. Watson, Professor 
Forbes enters into some geologiciil speculations, which, although en¬ 
tirely conjectural, are well worthy of consideration. He numbers m 
ascending order these floras, according to their magnitude as to species, 
and also, in his opinion, according to their relative age and period of 
introduction into the area of the British islands. His conclusions on 
this point are the following:— 

“1. The oldest of the floras now composing the vegetation of the 
British isles, is that of the momitains of the west of Iretod. Though 
an Alpine flora, it is southernmost in character, and is quite distinct ivs 
a system from the floras of the Scottish and WeLsh Alps. Its very 
southern clnu-acter, its limitation, and its exti-eme isolation, are evi¬ 
dences of its antiquity, pointing to a period when a great mountain 
barrier extended across the Atlantic from Ireland to Spain. 

“2. I’hc distribution of the second flora, next in point of probable 
date, depended on the extension of a barrier, the traces of which still 
remain, from the west of France to the south-east of Britain, and thence 
to Ireland. 

“ 3. The distribution of the third flora depended on the connexion 
of the coast of France and England towards the eastern part of the 
channel. Of the former existence of this union no geologist doubts. 

“ 4. The distribution of the foimth, or Alpine flora of Scotland and 
Wales, was elFected during the glacial period, when the moimtain 
summits of Britain were low islands, or members of chains of islands, 
extending to the area of Norway through a glacial sea, and clothed 
with an arctic vegetation, which in the gradmd upheaval of those 
islands and consequent cliange of climate, 'tecame limited to the sum¬ 
mits of the new-formed and stiU existing mountains. 

“ 5. The distribution of the fifth, or Germanic flora, depended on the 
upheaval of the bed of the glacial sea, and the consequent connexion 
of Ireland with England, and of England with Germany, by great 
plains, the fragments of which stiU exist, and upon which lived the 
great elk and other quadrupeds now extinct. 
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“ The breaking Tip or submergence of the first barrier led to the 
destruction of the second; that of the second to that of the third; but 
the well-marked epoch of migration of the Germanic flora indicates 
the subsequent formation of the strmts of Dover and of the Irish Sea, 
as now existing. 

“ To determine the probable geological epoch of the first or west- 
Irish flora—a fragment, perhaps with that of north-western Spain, 
of a vegetation of the true Atlantic—^Forbes seeks among fossil plants 
for a starting-point. This he gets in the flora of tlie London clay, or 
Eocene, which is tropical in character, and far anterior to the oldest of 
the existing floras. The geographical relations of the Miocene sea, 
indicated by tlie fossils of the crag, give an after-date certainly to the 
.second and third of the above floras, if not to the first. The epoch of 
the red or middle crag was probably coeval with the second flora; 
that of the mammaliferous crag witli the third. The date of the fourth 
is too evident to be questioned; and he regards the glacial region in 
which it flourished as a local climate, of whidi no true traces—as far 
as animal life is concerned—exist southwards of his second and third 
barriers. Tliis was the newer Pliocene epoch. The period of the 
fifth flora was that of the post-tertiary, when the present aspect of 
things was organised. 

“ Adopting such a view of the relations of these floras in time, 
he tliinks tliat the gi’eatest difficulties in the way of changes of the 
earth’s surface and destruction of barriers—deep sea being foimd 
where land (probably high land) was —^arc removed when we find that 
those greater changes must have happened during the epoch imme¬ 
diately subsequent to the Miocene period; for we have undoubted 
evidence tiuit cLsewhcre, during tliat epoch, tlie Miocene sea-bed was 
raised 6000 feet-in the chain of Taurus, and the barriers forming the 
westward boundary of the Asiatic Eocene lakes so completely annilii- 
lated, that a sea several himdred fiithoms deep now takes their probable 
place. The changes required for the events which he wovdd connect 
witli the peculiar distribution of the British flora are not greater than 
these. Refessor Forbes thinks that the peculiar distribution of en¬ 
demic animals—especially that of the terrestrial moUuscai—^bears him 
out in these views.” 

1166. The observations of Watson and Forbes lead to the conclusion 
that, with the exception of Eriocaulon septangulare,the British islands do 
not contain a single plant which is not found on the continent of Europe. 
These islands, therefore, cannot be considered as a centre of vegetation, 
but as having been colonized by successive vegetable migrations. Their 
opinion as to the origin of British plants, as condensed by Martins, is, that 
these islands have been peopled by many colonies successively leaving 
the continent of Europe, flrom the epoch of the middle tertiary formation 
up to pur own. When a vast continent extended fi-om the Mediter- 
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ranean regions to the British islands, the plants of the Asturias, and 
those of Armorica, peopled the south of England and Ireland. To 
this period succeeded the glacial epoch, during which the lands were 
immerged to a depth of about 1300 or 1400 feet. This is the period 
of the migration of the arctic plants, which stUl inhabit the tops of the 
Scottish momitains. Wlien ^esc lands emerged anew, England was 
united to France, die temperature being such as it is at present. At 
this time, the great German floral invasion took place, absorbing, so to 
speak, all the rest, and leaving very slight remains of them. Tlius, 
while the Asturian plants, those of the south, are reduced to a small 
number of species confined to the south-west of Ireland, the hardy 
vegetables of the north completed their conquest, llie colonization 
being completed, England became scjiarated from the continent. 

11C7. Martins agrees with Watson and Forbes in their general 
views of the British flora, adopting the following types:— 

1. Asturian Type—the remains of a Peninsular flora. 

2. Armorican Type—vejictation like that of Brittany and Normandy. 

3. Boreal Type—^flora like that of the Swiss Alps, Lapland, Iceland, and 
Greenland. 

4. Gennasic Typo—the basis of the vegetation of England. 

lie thinks, that while Europe has had the principal part in the coloni¬ 
zation of the British islands, a great vegetable migration has also 
taken place from America; and that die arctic plants originating in 
Greenland, have propagtited themselves across Iceland, Feroe, and 
Shetland, as far as the mountains of Scotland. Tliese mountains have 
therefore derived their flora pardy from Norway and partly from 
Greenliuid, by a sort of double migi-ation. Ilis opinion is founded on 
the fact, that the relative proportion of plants, exclusively European, 
which enter into the flora of Shetland, is J; into that of Feroe, |; 
and into that of Icekind, -pr,; aU the rest being common to Europe and 
America. In proportion, therefore, as we remove from Europe, 
the number of vegetables peculiar to tliat continent diminishes; but 
at the same time the proi>ortiou of the Greenland plants increases in 
nearly the same ratio. Alartins, however, does not agree with Forbes 
in liis bold and novel hypothesis, but attributes the colonization to the 
transport of seeds fiojm America and Em-ope, by means of the gulf 
stream. This stream, he diiuks, has dirown Eriocauloji septeingulare 
on the shores of the Hebrides, and, running along the coa^ of Scot¬ 
land, carries seeds to the sandy shores of Shetland, Feroe, and Iceland. 
He considers it the principal agent in the diffusion of European plants 
in these islands. Winds, aerial currents, and birds, he thinks, have 
idso contributed to the dissemination of species.* 

• For further details on Ihc subject of the Gcogniphy of Britisli plants consult Watson’s Diatri- 
bution of Britisli Plants, and (>bole Britannica; Forlms’s paper in the Heiwrts of tlie Geological 
Survey of Great Britain; Marti^’ piipers in the Kdinbai'gli Philosoidiic^ Jouinal for ld4!>. 
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1168. AccliiBMizliig of Plant*. —^It is commonly supposed that by 
length of time plants mijy be rendered lit to endure a climate which 
they could not stand in the first iastance. It has been said, that 
by slow degrees tender plants may become acclimatized to cold 
climates. Such a view, however, is totally inconsistent with the facts 
of the case. Each species of plant naturally, bears a cerbun range 
of temperature, and it is impossible to extend that range. Many 
plants originally placed in greenhouses, and subsequently planted 
out, are hdd up as cases of acclimatization. Aucuba japonica, com¬ 
ing firom a warm clinmte, was at first treated in this country as a 
stove-plant, and was afterwards planted out, and was found to en¬ 
dure the climate, but no cliange was made in the constitution of the 
plant. It was capable from the first of enduring the cold of this 
climate. Aponogeton distachyum, an fwiuatic from the Cape, was 
cultivated long in the stoves of the Edinburgh Botanical Giudoii. A 
specimen was accidentally tlu’own into the open pond, where it has 
continued to live and flower for many years. The constitution of tlie 
plant is unaltered. It w<as able to bear a certain range of temperature, 
but cultivators were not aware of this in the first instimcc. Plants 
sent from warm countries, and supposed to be delir.atc, are often quite 
hardy, in as much as their native locality li.is been high on the moun¬ 
tains. Such is the case with Arauciu-'ia imbricata from Chili, and with 
some Nipal and Japan plants. Again, take the Potato, the Dahlia, 
Heliotrope, and Marvel of Peru, which have been long cidtivated in 
Britain, and it will be seen that they are not in the .slightest degree 
more hardy than when first introduced; they are injured by tlie frost 
just as easily as at first. 

1169. Something, however, maybe done by the .art. of the gardener, 
to render half-hardy species of plants less tender. In this climate, the 
great risk in such cases, is ireqnently not so much the d<‘gree of cold, 
as the accession of it at a time when the plants e-annot resist it, in con¬ 
sequence of being full of s.ap. Attention, therefore, should bo paid te 
bringing the plants into as dry a state us possible, at the beginning of 
winter. Lin^ey reni-arks that the only means of eflecting this con¬ 
sists in thoroughly drained soil, and an elevated situation—^tlic first 
preventing a plant from filling itself with moisture during winter, or 
overgrowing itself in summer, so as to enable it to ripen its wood; 
and tlie latter securing it from the action of those early frosts in 
autumn, or those late frosts in spring, whicli are .so pernicious oven to 
our own wild trees. In an elevated situation, a plant also escapes the 
risk of being stimulated into growth by a few days’ warmth, succeeded 
by nipping colds, which so often occurs in our viiriable climate. 
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1170. The history of vogctation could not be considered complotc, 

unless we endeavoured to give some account, liowever brief, of the plants 
which existed on the earth in its primevid state, during the extended 
geological epochs which elapsed before the establishment of the present 
order of things. Tliis .subject is alike interesting to the botanist and the 
geologist. It hits sometimes been ciJled Geo-llotany, and is an impor¬ 
tant section of OryctoJogy (^(vxTo^, fossil). Geology, says Philips, 
“ would never, perhajjs, have escaped from the domain of empiricism 
;uid conjecture, but for the innumerable testimonies of elapsed periods 
and perished ci'cations, which the stratiiied rocks of the globe present, 
in the remains of ancient plants and animals. So many important 
ijuestions conceniing their natm’c, circumstances of existence, and mode 
of inhumation in the rocks, have been suggested by these interesting 
reliquiai; and the natund sciences have received so poweiful an im¬ 
pulse, and been directed with suoli great success to the solution of 
problems concerning the past history of the cJirlli, that we scarcely 
feel disposed to dissent ii’om the opinion, that without fossil Zoology 
and Botany, or what is denominated Palasontology ancient), 

there would have been no true Geology.” The stratified crust of the 
glolie is full of these monuments of vanished forms of lite. Tliey are 
of various kinds, arc in different states of preservation, and occiu’ very 
imequally in rocks of different kinds and ages. Tlie remains of ancient 
vegetation are very abmidant in the coal measures, the imporbmt com¬ 
bustible material derived from them, and which is vegetable matter in 
an altered form. 

1171. rbnnictem and arrangement of VowU PlanM, —^From the 
State in wliich fossil plants arc found, it is by no means an easy 
matter to determine their nature accurately. It is rarely that 
any of the essential organs are found in such a state of preserva- 
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tion aa to ftirnish distinct characters. It is chiefly from the frag- 
inents of stems, and the impressions of leaves, and some fruits, tlmt 
the fossil botanist can draw conclusions. Sometimes the internal 
structure of the stem can be traced, and by examination under the 
microscope, the nature of its woody tissue may be determined. In 
this way, some fossUized woods have been referred to the Coniferous 
tribe, in consequence of the presence of punctated woody tissue (fig. 
47). Fossil woods have been shown by chemical teste to contain por¬ 
tions of vegetable tissue, cemented into a mass by silica. In some 
cases the vessels and cells are separately silidfied without being united 
into a compact mass. In these instances the wood breaks down easily. 
At times the internal structure is obliterated, and it is only from the ex¬ 
ternal configuration, the nature of the outer covering, and the scius of 
the leaves, that any conclusions can be drawn. The leaves often furnish 
important and valuable characters, and, in the case of fossil ferns, their 
form, divisions, and venation, supply dktinguisliing marks. Tire Iciives, 
however, are generally isolated, and are rarely found in connection with 
the stems. Thus, the separation of the different parts of the plant, sind 
in most cases, their imperfect stale of preservation are great obstacles 
in preventing the determination of fossil plants by a comparison witli 
those which now exist on the earth. 'Ihese difficulties are increased 
as we go back to the earliest geological epochs, for the further they 
are removed from the present state of things, tlie greater are the 
differences between the fossil and livuig plants. Dr. Hooker remm-ks, 
that the knowledge of recent botany required to throw light upon the 
study of fossil plants, and the origin of coal must be both varied aii<l 
extended. “ Some acquaintance with systematic botany is the fu-sl 
requisite; tlirough this alone can any approxim.atioii to the living 
affinities of the fossil be obtained. It shotild embrace not only a 
knowledge of the principal groups, or natural orders under which all 
plants are arrsinged, but a familiarity witli vegetable anatomy; for 
when the stem or tnmk alone is preseived, wliich is often the case, u 
sninute examination of its tissues is the sole metliod of determinuig 
its position in the natural scries. There must idso be some general 
ideas of the vegetation both of the tropics and cooler latitudes, of 
moxmtain-chains, table-lands, vallies and estuaries; more especially ol' 
countries characterized by equable, and by excessive or extreme 
climates, as compared with continents, and of humid and desert dis¬ 
tricts ; in short, of all tlie complex associsitions with, or dependence of 
botanical characters upon, surface, soil and climate, whicli the globe 
presents.” 

1172. Ma^y of the fossil plants of tlie tertiary or recent strata may 
be referred to genera at present existing, and merely present specific 
differences; such as pines, elms, beeches, maples, &c. Those of the 
secondary strata may, in general, be referred to known families, but 
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in most instances reqiiire the formation of new genera. While those 
of the older strata, in numerous instances, cannot be classed in existing 
femilies, and must constitute new groups. Such are the Calamites, Lepi- 
dodendrons, and SigUlarias of the coal formation. From aU the investi¬ 
gations of fossil botanists, however, it appears that the same great 
types existed in a former state as at the presmit day, viz.. Cellular 
Cryptogamics, Vascular Cryptogamics or Acrogens, Monocotyledons 
and Dicotyledons, both Angiospermous and Gymnospermous. 

1173. Schlotheim, Sternberg, Brongniart, and others, have pro¬ 
posed arrangements of fossil plants. That of Brongniart is founded 
on the resemblances which the fossils bear to living plants. When 
the analogy between a fossil and a living plant is su<fo, that the d^r- 
ence is not greater than occurs among the individuals included in a 
species of the living genus, then the fossil and living plant may be 
considered identical, and the epithet of fossil is applied to the name of 
the plant. If, on the other hand, the fossil presents distinct specific 
characters, but does not differ more from living species than these 
species differ among themselves, then it is looked upon as a new 
species of the genus. If the differences are well marked, but at the 
some time the organ which represents them is not of sufficient impor¬ 
tance to induce the belief that the plant differs from others of the 
genus in aU its essential organs, then the termination ites is added to 
the name of the genus. Thus, Lycopodites is a genus of fossil plants 
allied to Lycopodium, apparently not differing, so fim as known, in 
essential and important parts; so also Zomites allied to Zamia, 
Thuyites to Tliuya. If a fossil plant, although presenting several 
essential clmracters of a family, yet dilfers in the fossilized organ from 
all the known genera of the family, as much or more than these genera 
do among themselves, then it is to be eonsidered as a new genus dif¬ 
ferent from those actually existing. This will be seen in many of the 
coal fossils. 

1174. Before proceeding to notice some of tlic more important 
fossil plants, it will be necessary to give a sketch of the geological con¬ 
stitution of the globe. Tlic rocks of which the earth is composed are 
either stratified or unstratified; and the former are cither fossiliferous 
or non-fossiliferous (azoic). The unstratified rocks, included under 
the names of Granitic and Trappean, are considered igneous, plutonic, 
or eruptive rocks, and do not exhibit any fossilfferous deposits. 
Neither do fossil plants occur in certain mctamorpluc rocks, such as 
Gneiss and Mica-slate, which present a stratified appearance, and 
appear to have been deposited in peculiar circumstances, probably at 
a high tempemture. Tlie igneous and metamorphic rocks are some¬ 
times included under the comprehensive name of Hypogene. 

1175. Xhe VonUlferoBB Btratifled Bocks have been divided into—1. 
Palaeozoic (ax’kettof, ancient, and life), or those which contain the 

2 Q 
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earliest fossil remains, including what have been called Transition, 
Primaiy fossiliferous, and Grauwacke rocks, and extending up to the 
Magnesian Limestone, immediately above the Coal measures. '2. 
Secondary, extending to the chalk. 3. Tertiary, extending to the 
recent deposits. The following tabular view is given by Ansted:— 


I. Palasozoic 

Older PaliBozoic......Lower and Upper Silurian. 

Middle Palaeozoic.Devonian and old Red Sandstone. 

^Carboniferous system, Lower new Red Sand- 

Newer Palaeozoic.-i stone, and Magnesian Liinestonc or Pcrniiiin 

( System. 

II. Secondary. 

Older Secondary.Upper new Red Sandstone or Triassic Sy.ston). 

Middle Secondary.Limssic, Oolitic, Wealden. 

Newer Secondary....Cretaceous. 

III. Tertiary. 


Lower Tertiary, or Eocene group. 

Middle Tertiary, or Miocene group. 

Newer Tertiary, or Pliocene group. 

Superficial Deposits, or Pleistocene group. 

1176. Poaail Plants in difTerent Ntmia. —The pkints in these Stmti- 
fied rocks are either of a marine, fluviatilc, lacustrine, or terrestrial 
nature, according to the state of the globe at the period of their 
deposition. Tlte condition of the strata as regards fossils may de- 
|)end in some measure on the depth at which they were deposited 
under the waters of the globe; lor Forbes finds that in the present 
ocean, there is, at a certain depth, a zero of animal, and probably oi' 
vegetable life. The state of preservation depends much on the nature 
of the plant in regard to its anatomical structure. CeDular phmts, 
which are easily destroyed, have in a great measure disappeared, while 
plants which roast wdl the decomposing action of water and othei 
agents, such as ferns, occur in great abundance. In the SUuriaii 
system, the fossils consist chiefly of invertebrate animais. Lignite has 
been detected by Hugh Miller in the old Ked Sandstone of the north, 
and has been referred to some coniferous phmts by Nieol. In the 
Carbonilerous system, fossil plants occur in vitst qujintity. With the 
Palffiozoic series one great epoch in tlic Rock formations was con¬ 
cluded, and a change took ph»ce so jis to usher in the Secondary series. 
In the new Red Sandstone, the fossil remains are few and local, while 
in the Oolitic and Cretaceous systems they are more numerous. Witli 
the Secondary series of strata a general condition of the globe ended, 
and a new one commenced with the Tertiary strata. In these we 
meet with fossil remains nearly resembling or identical with the exist¬ 
ing races. The names given to the groups indicate this. In the 
Eocene group (««?, dawn or morning, and xaitos, new) we meet with 
a certain nroportion of living shells. In the Miocene (jttla*, less) the 
number dr living species increases, although still less in number than 
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the extinct ones; while in the Pliocene {rhtiau, more) the recent shells 
outnumber the extinct ones. The diflferenccs between the organic 
contents of one system and another, are in proportion to the interval 
of geological time elapsed between them; and the older the rocks, the 
more are the fossils distinct from the plants of tlie present day. The 
systems of organic life have always been adjusted to the actual condi¬ 
tion of land and sea. 

1177. The number of fossil plants known to M. Adolphe Brong- 
niart, in 1836, tvas 527. In 1845, Goeppert and Bronn stated the 
number to be 1,792; and as in the 100,000 plants now known to 
i>,xLst in different parts of the globe, a large proportion consists of cel- 
luhir plants, which would disappear in the process of fossilization, it 
would seem that the total number of known ibssil species bears a con¬ 
siderable proiwrtion to those now existing. Their numerical distribu¬ 
tion in the different rocks is stated by Goeppert to be as follows:— 


Older and Middle Pal.-cozoic,. 52 

Carboniferous,.819 

Permian. 58 

Triassic. 86 

Oolitic,.234 

Wealden,. 16 

Cretaceous,. 62 

Tertiary.454 

Unknown. 11 
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I'rom tills table, Mm’chison remarks, it appears that the newer Palwo- 
y.oic group contains more than half the known species of fossil plants,— 
a retuaikable circumstance when it is considered that the great herbi¬ 
vorous land quadrupeds had no existence before the tertiary period. 
Tile small number of plants in the Cretaceous system is probably 
owing to the depth of the sea in which these formations were deposited. 

1178. Among Dicotyledonous fossils there are numerous Amenta- 
ceaj, Conifera', and Cycadiicese, besides many doubtful species. Among 
Monocotyledons, there appear to be plants belonging to Liliacem, 
Sinilaceu), Palmm, Polamm, Pandanacese, &c. Among Acotyledons 
there is a vast number of genera and species belonging to Equise- 
toccaj, Lycopodiaceaj, imd Eihees, and a few Marsileaccm, Musci, and 
Algaj. 

1179. It is impossible in a short treatise like this to aUude to many 
of the fossil species of plants. It will be sufficient to indicate some of 
tlie more important genera. The vegetable remains met with in the 
Silurian and Devonian rocks arc few and unimportant, compared with 
those which characterize the Carboniferous period; and their structure 
seems to indicate either that they have been longer exposed to the 
agency of moving water, or that they are cellular marine species. 
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An exception to this, however, occurs in the Lignite noticed by Miller. 
It is in the argiUaceous and sandy beds of the Carboniferous system, 
we first meet with decided prorfs of the existence of land plants. 
These strata and sands alternate with beds of Coal, a mineral which is 
of vegetable ori^, and which is deposited in various quarters of the 
globe in hollow troughs, the layers varying from the thickness of a few 
inches to 10 or 20 feet. It is rare to find coal exhibiting vegetable 
stmeture under the microscope; but in certain cases this may be 
evidentiy seen. I have seen it in the Amiston coal of this neighbour¬ 
hood. Some have maintained that each stratum of coal is the pro¬ 
duct of a peculiar vegetation, finquently different from that which 
precedes, and from that which follows it. Hence each stratum is 
often chsffacterized by the predominance of certain impressions. In 
examining a coal seam, there are frequently evidences of three distinct 
phases. In the underclay there are roots permeating the mass; then 
comes the coal, which is either formed out of the plants whose roots 
are in the clay, or of others which have grown with them, or have been 
drifted; and lastly, above the coal there is the shale, which appears 
to have supported a vigorous vegetation. ■ There have been 300 
species of plants noticed as belonging to the Coal Flora of Britmn. 

1180. Momll Plant* of tke CniHbonifarona 8r*tem. —^The great mass 
of fossil plants of this system belong to Acrogenous Cr 3 rptogamics and 
Dicotyledonous Gymnosperms. Some of the plants called Palms, such 
as Noggeraihia, FlabeUaria, and Ai'tisia, arc referred by Brongniart to 
the latter division. Ferns abound in tliis system, espeemy in &e days, 
ironstones, and sandstones. The species are included under the genera 
Sphenopteris, Pecopteris, Neuropteris, Odonlojtteris, Cychptem, Qhssop- 
teris, and Lonchopteris. These plants rarely exhibit any traces of finic- 
tification, in consequence of only one surface of the fronds being exposed 
to view, and they are therefore distinguished chiefly by the shape and 
venation of their fronds. Thus, Sphenopteris a wedge, and xd j/j, 

a fern), has a bi-tripinnatifid frond, piniuo narrowed at the base (cune- 
ate), not adherent to the rachis, lobed, veins bipinnate, somewhat radi¬ 
ating from the base (fig. 793). In Pecopteris (xs»4i, I comb), the frond 
is pinnatifid or bi-tripinnatifid, pinnse ^nate to the rachis, sometimes 
confluent, a strong primary vein reaching the apex, the .secondary 
veins being nearly straight, simple or forked, rarely piimate, sori 
rounded at the end of the secondaty veins (fig. 794). In Neuropteris 
a nerve), the frond is pinnare or bipinnate, pinnas subcordate at 
the base, distinct from the racliis, strong primary vein vanitiiing to¬ 
wards the apex, secondary veins oblique, arched, repeatedly dichoto¬ 
mous (fig. 795). Tree-ferns appear to have existed in Britmn during 
the deposit of the coal strata, and to have occupied an important place 
in the flora. The stems of these ferns are included under the genus 
CixalopUTK. The fronds have not been found attached; but it is 
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as resembling Marsileacea3, have also been found in certain localities; 
such as Sphmophyttum (fig. 796) and Annukeria (fig. 797). 



797 


1181. Some fossil plants, allied to Lycopodiums, also occur in the 
coal measures. These have been included under the genera Lycopo- 

ng. 7!)8.—Sphenopteris Hffininghftusll, a fern of the Curboiii&rous system. 

Fig. 7B4.—Pecoptoria aquiUna, another fom. 

Hg; ?9&—Neuropteris Loshli, another fern. 

Fig. 7^.—^benophyllum dimtatum, one of the dubious forms of the Carboniferous ^stem 
perhaps allied to S^boiia. 

Fig. 797.-~Axmiilaria brovifolia, a coal plant, the affinities of which are unknown. 
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dttes (figs. 798, 799) and Selagimtes. Some fossil species allied t<i 
th^ are grouped under the genus Lepidodendron {xtvlc, a scale, and 

S£»3fo», a tree) (figs. 800, 
801). They appear to 
occupy an intermediate 
place between Conifene 
and Lycopodiacese. Their 
leaves are arranged in the 
same manner as some of 
the Conifera!, and their 
scars are similar. Their 
branches bifurcate like 
Lycopodiaceaj. Theyoccur 
in the form of dichotomous 
trunks, 20 to 45 feet high, 
with linear or lanceolate 
leaves (fig. 801) likethos<! 
of some species of Lyco¬ 
podium and Eutassa. The 
stem consists of a thin cuti¬ 
cle, a double cellular zone. 




a hollow vascular cylinder, and a pith. The tissue in the outer part of 
the double cellular zone is arranged like that of ferns, the vascular 
cylinder is about ^ of an inch thick, and consists of polygonal tubes 
marked wkhlines, while the pith is composed of fusiform cells. The 
stems are Biarked with rhomboid and orbicular scars (fig. 800). Their 

Wgf 796.—l^ycopodltes (Walchm Sdilothclznli), a plant allied to Lycopodium. 

Flip. 799.—Lycopoditea (W^chia hypnoides), anomerr Lycoj^isceous plant. 

Fttf. 800.—^L^iaodendron crenatum, with ^e scotr of the leaves on its stem. It belongs to a 
family of plants apparently Intermediate between Coniferec and Lyc.opodlacei£. 

Fig. SOL—Lepidodendron olcgaus, with its diciiotomous trunk, and linear acute leaves. 
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cDiie-like fruit is said to occur in a fossil form called Lepidostrohm; 
but under this name, as well as that of StroMlites, the fruit of many 
different plants seems to be included. LepidophyUmn is said to be 
the leaf of some Lepidodcndron, and Ulodendron is an allied genus. 

1182. Stigmaria {artyfcet, a mark or impression) is a fos^ genus, 
the species of which abound in the coal measures. They occur generally 
in the bed called the Underclay. Stigmaria fictndes (fig. 802) is the 
common species. It consists of a dome-shaped mass sending forth 
grooved and pitted branches, which divide dichotomously, and extend 
20 to 30 feet. Slender processes arc given off, which appear to have 
been hollow (fig. 802). These processes (called fistular leaves,) form 
an entangled mass traversing the argillaceous lower bed in every direc¬ 
tion. In Stigmarias three tissues are met witli, vascular tissue forming 
the inner part of the cylinder, ligneous forming the wood, and cellular 
tissue forming a broad cortied zone, as well as the central portion or 
pith. Some think that the stores of fossil fuel in England and America, 
are mainly due to the presence of this plant. There are no plants of 
the present day which resemble Stigmarias. Some have referred 
them to such genera as Cactus and Euphorbia, others to Isoetes. 
King says that tlicy are the roots of the fosfdl plants called SigiUaria. 



1183. SigiUaria {sigiltum, a seal) is another plant which appears 
to have aided in the formation of coal. It occurs in the form of com¬ 
pressed stems, attaining a height of 40 to 50 feet, and a breadth of 5 
feet. The stems arc fluted longitudinally, and marked at regular 
intervals by single or double scars, the remains of the leaf insertions 
(fig. 803). Some suppose SigiUarias to be allied to Tree-ferns, others 


I’lS-. 802.~S«smBTia fleoiUos; u branch {filing off ffstnlar leaves, which traverse the ITnderclay 
I all directional. 

rig. 80^'—SigiUaria pacbydeniia: the stein marked with ecara» and dated lougitadinally. 
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to ConifersB. Brongniart says they resemble Zamia integrifolia. King 
thinks that they are intermediate between Ferns and C^cadaces, that 
the &onds called Neuropteris constitute their foliage, and that Stig- 
marias are their roots. They have a medullary sheath in the diape 
of apparently isolated bundles, and vessels intermediate between true 
spiral and scalariform. The bark is said to be composed of two dif¬ 
ferent layers, thus giving rise to different impressions. The furrows or 
fluted marks are due to the arrangement of the leaves on the stem. 
King says, that if in imagination we delineate a channelled .stem of 
any height between 12 and 100 feet, crowned with a pendant fem- 
like foliage, furnished with wide-spreading thickly fibriUed roots, and 
growing in some densely-wooded swamp of an ancient Mississippi, we 
will then have formed a tolerably close restoration of a Si^aria vege¬ 
tating in its true habitat. 

1184. Cedamite? {niiniftoc, a reed), another coal fossil plant, occurs 
in the form of jointed fragments, originally cylindrical, and perhaps 
hollow, but now crushed and flattened (fig. 810). The stems are 
branched (fig. 805), and there appears to have been a distinct wood 
and bark. Their internal cavity seems to have been separated by 
horizontal partitions at the articulations, the intervals between tin: 
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articulations becoming smaller towards the ends of the branches. Both 
stems and branches are ribbed and furrowed (fig. 804). Some refer 
the numerous species of Calamites to Equisetaceas, but the presence of 
wood and bark has led others to place them among Dicotyledons. 

Some interesting fossU Coniferaj, included trader the names Phaies 
and Araucariles, are found in the carboniferous sandstone, as in Craig- 
leith Quarry, near Edinburgh. The specimens found in Craigleith 
have been referred to Pinites Withami and medullare of Bindley and 
Hutton (Aravicarites of Goeppert, and Dadoxglm of Endlicher). Some 
of these seem to be allied to the Araucaria tribe; for instance to Eutassa 

ftg. 801—Calamites Suckorti, composed of Jointed striated fragments having a hark. 

Fig. 805.—pulamites caxuuefonnis ^ving on brunches. 
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cxcelsa, the Norfolk-Island Pine. Their wood, under the microscope, 
exhibits the punctated appearance and other characters of Conifer® 
(figs. 806-809), and the disks are often in two or more rows (fig. 808). 
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Some specimens have been found upwards of 70 feet long. These 
Conifer® seem not to have been associated with the SigiJlarias and the 
other plants which abound in coal seams. They probably fiourislied 
in the neighbourhood, and were at times transported to these localities. 
A peculiar kind of fossil fruit called Tryomcarpum, resembling tliat 
of a Palm, has been found in some of the carboniferous sandstones. 
Noggerathia and Flabdlarki have been referred to species of Palms, but 
Krongiiiart considers them as Cycadaceous. Lyginodendron 
wicker-work) is a peculiar coal fossil discovered by the Rev. Mr. 
Landsborough in Ayrshire, and described by Mr. Gourlie. Its im¬ 
pression consists of rounded narrow twigs, which cross each other 
like the parts of an osier basket. StetTihergia is a peculiar fossD, con¬ 
sisting of horizontal plates, which are held together by some con¬ 
nection in the axis. Some look upon it as alhed to l5rac®na. It 
may be remarked, in general, that the Carboniferous flora is uniform, 
or nearly so, in all parts of tire globe where carboniferous fossils have 
been obtained, viz. the whole of western, northern, and eastern Eurc^e, 
North America, fi’om Alabama to Melville Island, various districts of 
Asia, Eastern Australia, and Van Dieman’s Land, and probably the 
Asiatic Islands. 

1185. As the great mass of fossils in the coal formation consists 
principally of ferns, Brongniart has been led to draw conclusions as to the 

Fiji^ 806*B09.~-The8tTucturcof wood In recent Conlferee, to Illustrate the appearances presented 
by some fossil woods. 

Rg. 806.>-Transvex«c section of a ploco of Conlferoiu wood, of the natural size. 

Flc. 807.—A section of the some wood seen under the inlcnMcopa The medullary rays and 
wooay tubes soon without any large porous vessels. 

Fig. 808.~Longltudinal section of the same, in the direction b o, magnlded. A medullary ray 
seen crossing tilic woody tubes, which are marked by disks, in one or inoi« rows. 

ng. 809.—Section of the same in the direction a b, perpendicular to ttic medullary raj's, which 
are seen at intervals between the woody fibres. 
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climate of the globe, at the time when the coal fossils grew. Ferns of 
the present day thrive best in a moist insnhu- climate, and many of them 
occur in tropical climates. Hence Brongniart conjectures that at the 
coal epoch the surface of the earth consisted of a series of islands in 
the midst of a vast ocean, and that the temperature was higher gen¬ 
erally than that of the present day. In the forests of these islands lofty 
Lepidodendrons would occur with their delicate and feathery fronds: 
Sigillarias, with tlieir fluted stems and enormous matted roots; Cala- 
mites, -with their singular branches; Tree-ferns and Coniferous plants, 
resembling the Norfolk Island Pine, and towering 100 feet above the 
rest of the forest. He also thinks that the immense deposits of carbon 
at that epoch, warrant the conclusion that tlie air contained a huge 
amount of carbonic acid, lliese conclusions arc, of course, mere hypo¬ 
theses. In regard to the temperature, it may be remark^, that there 
is no evidence from the nature of the flora, of a marked increase of 
temperature at the coal epoch. In New Zealand, which is in a latitude 
the same as that of a great part of Europe, a very large proportion 
of the vegetation consists of Acrogenous plants. Ferns and their 
allies, in that cotmtry, cover immense districts, replacing the grasses 
of other countries, and giving a marked character to all the open laud. 
Some of the ferns attain a height of 30 or 40 feet, and occur in groups. 
Hemitclia capensis too, a Tree-fern found at the Cape, wa.s also seen 
by Gardner, at an elevation of 6000 feet, on the Organ mountains, 
thus showing a capability of enduring a great range of climate, imd 
warning us against hasty conclusions on the subject of die temperature 
of the world at the coal epoch. 

Dr. Hooker thinks that the prevalence of ferns may be regarded as 
a probable evidence of the paucity of other plants, and the general 
poverty of tire whole flora which characterized the formation. He is 
led to these conclusions from observing the mode in which the ferns 
in Van Dieman’s Land and New Zeabind monopolise the soil, choking 
plants of a larger growth on the one hand, and admitting no under¬ 
growth of sm^er speaes on the other. In New Zealand he has col¬ 
lected 36 kinds of ferns on an area not exceeding a few acres; they 
gave a most luxuriant aspect to the vegetation, which presented 
scarcely a dozen flowering plants and trees besides. 

1186. Some have supposed that the plants of the coal fields have 
been drifted into basins, others that they grew in the spots where they 
are now found. Beaumont thinks that all the vegetables which are 
now converted into coal, grew in swampy islands, covered with a 
luxuriant vegetation, wliich accumulated in the manner of peat-bo^; 
thatthose ishmds having sunk beneath the ocean, were there covered with 
sand, day, and shells, till they again became dry land, and that this 
operation was repeated in the formation of each bed of coal. The occur¬ 
rence of stems of trees in an erect state (fig. 810), appeared to him to 
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confirm die view that the trees were in situ. Ansted says, that although 
many trees are found in the coal measures in an erect or highly in¬ 
clined position, there is no reason for believing that they grew on the 
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spot whcrcf they are met with, lie rathez’ tliinks that they have been 
caught or stopped in their passage down a rapid stream, and, like the 
snags in some of the great American rivers, have been detained till 
the lower portion was firmly embedded in the rapidly forming sand¬ 
stone. Tlie imbedding of stems in strata of sandstone, is similar to 
what Gardner saw near the mouth of the Ilio San Francisco, where 
coco-nut trees were found with their stems immersed to the depth of 
feet or more in the embankment of sand which stretches along the 
shore. P hillip s remarks, that the condition of the plants which com- 
])ose the coal, the general absence of roots, the fragmentary state of 
the stems and branches, the dispersed condition of the separable organs, 
all confirm the conclusion that the plants have been swept down fixan 
the land on which they grew by watery currents, often repeated, and 
deposited in basins and large estuaries of the sea, or perhaps rarely in 
lakes of fresh water. 

1187. HmbU PIw>m oftko Secondorr Stnua. —^The plants of the 
Secondary series of strata are different from those of the Carboniferous 
system. The Stigmarias, Sigillarias, and Lepidodendrons cease, and 

Flc. 810.—Vertical utemB of fossil trees, Calomltos chiefly, found In the Coal measures of 
TtruiI, near S^nt Etienne. 
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are replaced by a few ferns and their allies. Plants of the Zamia 
tribe occur along with some Coniferse. The pinnated frond called 

Pterophyllim (fig. 811), appears to be¬ 
long to a Cycadaceous plant allied 
to Zamia, while Voltzia (fig. 812) 
and Peuce seem to be Coniferous 
genera. In the secondary formations, 
generally, there are no true coal fields, 
although carbonaceous matter, in the 
form of imperfectly bituminized lignite, 
is found deposited occasionally. Not¬ 
withstanding the absence of true 
coal, the sandstones and shales of the 
Oolitic system contain numerous fossil 
plants, which in their form and cliar- 
acter seem to be a transition between 
the PalsBOzoio flora, and that of more 
recent formations. In the upper Oolite 
at Portland, there is a bed of earthy 
brown matter, about a foot in thickness, 
commonly known as the Dirt-bed, in 
which there is an assemblage of silici- 
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■fied stumps of large trees (fig. 818). They are generally in an erect 
position (fig. 814), and appear to be in situ. They are probably Cyca- 

Fig. 81!L-^Pter(ipliyUam Flolnlngerilf api^rently the frond of a fosi^ Cycadacoons pl«it alhod 
to 

Ftg. 812.---yoltzia heterophylla, one of the fossil Coniferse of the Triassic system. 
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to characterize the fossil flora of the older oolite beds. These plants 
take the place of the Lcpidodendrons and Sigillarias of the car¬ 
boniferous period. The stems arc found without any leaves attached, 
but some suppose tliat> tlie fronds called Otoptem, are the leaves of 
some of die species. The occurrence of these tropical forms seems to 
tidicate a warmer climate than now exists in Britain. There axe (S 
existing genera of Cyoadacesc 1047). Two of these are represented 
in figs. 817, 818, showing the forms of the stems and leaves or fronds. 

ng. Sia— The Dlrt-bcd of the island of Portland, contoining stamps of fossU Cycadaoca! In an 
ci'ect position. 

Fig. 814.—Mantellia nldlfomis (Cycadooidea), one of the sUicifted Cycadacem of the Portland 
Dirt-bed. 

Jig. 815.—Pterophyllum WlHiamsoiii, the frond of one of the fossil Cycatteecm. 

Fig. 81G.—Z^ltes. One of tiic fossil Cycs^auece. 
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There are 5 fossil ones according to authors. The fossil Cycadacea' 
known up to 1845, and distinguished by specific names, amount, 



according to Goeppert, to 78. Amongst these are 9 stems or stipes, 
65 fi‘on(£, and 4 fructifications. Tlie genera are:— 


Cycadites, 

Zamites, 

Zamiostrobus, 

Pterophyllnm, 

Nilsouia, 

11 . 

Sttmih. 

. 4 . 

Kninds. 

Fructificuti<«.. 

28. 


. 23 . 


4 . 



. 4 

23 . 


. 23 . 


12 . 

. — . 

. 12 . 

. — 


78 

y 

65 

4 


To this some add Mantellia and Palaeozamia. The greater number ol 
these is found in the Oolite and Lias. In the iirferior oolites arc 
also seen peculiar Coniferse, belonging to tlte genus Bradiyphyllum (fig- 
819), and a plant said to be a true Equisetum (fig. 820). The fossil 
Flora of the Wealden formation resembles in many respects tliat of 
the Oolitic system. Fronds of ferns, leaves of Coniferse {Sphenophyllnm) 
and of Cyca^eas, occur along with some Fucoids. There are also 
silicified coniferous trunks, and two pectdiar genera called Clatkraria 
and EndogenM^. The former is an arborescent plant, having its bark 

Fiff. SlZ-^ycas revoluta, one of the species of Cycas of the present flora of the globe, witli its 
seaie-Ilke and pinnate fronda. 

Fig. pungens, one of the Cycadaceai at present existing on tlie globe. 
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formed by the imioii of the bases of the leaves, and eovered by dis¬ 
tinct scales. Tlie latter is apparently a Monocotyledon, perhaps allied 



to P.-ilnis. Some fruits, resembling those of Palms, are also found. In 
the Cretaceous system, there occur fossilized Dicotyledonous leaves 
.•ind fragments of wood, marlwid by perforations of marine anirnds. 
Some of the Dicotyledons Jiro Coniferous, others Cyciidaceous. 

1188. f ouil PlnnlH «r the Tertiary Strata. —With the Chalk 
formation, the ancient condition of organizcfd beings appears to have 
ended, and a new one commences in the Tertiary scries. The plants 
of the Paheozoic and Secondary series are all extinct. Those which 
occur in the tertiary arc totally different from all that have previously 
.•ippeiircd. With the chalk, Ansted says, we close, as it were, one 
great volume of the liistory of animated creation. Every thing up to 
this point belongs to the piist; every thing on this side of it may be 
ranked among indicittions of the present. New forms, new types of 
organiz.'ition, corresponding to different habits and dtcred circum¬ 
stances, now replace those which have passed away. The conditions 
under which animids and vegetables lived were changed, and a new 
epoch commenced upon the. earth. 

1189. Except a few doubtful fossils of the lowest organization, 
there are none common to the secondary and tertiary periods. The 
tertiary series are well seen in the south of Europe, Asia, and America. 
In Britain, the tertiary deposits are met with in the London clay, in 
Hampshire and the Isle of Wight, the Suffolk and Norfolk Crag, and in 

8]9. • Bmcliyfiliylliinit a roiiifcruiis of tbe Oolitic ayatom. 

H20.-»Kqui6utum a>]uinuun% u foaall Secies of tliu Oolilc. 
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the lin of the Clyde. The London clay contains numerous fruits be¬ 
longing to many hundred species of plants. The first tertiary land of 
whmh we have knowledge, seems to have been richly clothed with 
plants. The strata are, generally speaking, rich in fo^ils. The stems 
and leaves appear to be those of Dicotyledons, little dififoring from the 



plants of the present day (figs. 821-825). In the brown coal of this 
series, the structure of the wood is evident, and distinctly exogenous 

Figs. 821-825.—Structure of ordinary IMcotyledonoua stems, to illustrate tho appearances pre¬ 
sented by some tertia^ fossil woods. 

Fig. 821.—Portion of a Dicotyledonons (Exogenous) stem cut ti’ansverscly. Natural size. 

Fig. 822.—Section of the same magnified, to show the occurreiu^ of large iiorous vessels. The 
ordinary Dicotyledons differ in this respect firom Conifens. 

Fig. Sl8.—Longitudinal section of tlie same in the lino A n, perpendicular to the medullary 
plat^ shoiying a large pomus vessel, and the rays appearing here and there among the woody 
tissue. 

Fig. 824.—Leaf of an unknown fossil Elm of tho mlddte Tertiary epoch. 

Fig. 825.—Leaf of Comptonia aeuUioha, an Amentaceous pl^t of the same epoch. 
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(fi^. 821-H23), and tliwe are often associated with it leaves of 
I’oplars, Elms (fig. 824), and other forest trees. Tlie fossil plants of 
the Ish? of Sheppey have been examined by Bowcrbank, and have 
](«! to the determination of several hundred species of plants, all of 
t hem extinct, imd all resembling those of warmer climates. Fruits of 
NijmMles {Fandamicatyrim), a Ibasil plant, allied to Nipa, one of the 
I’andaiiaceaj; Highleti, a 5-scedcd fruit, probably Malvaceous; also 
the fruit of a Proteaccous plant, and of species allied to Canna, Cucum- 
be.v, and the Leguminosa'. and Coniferai of the present day. To some 
of thinn the names of Cupanouks, WcJJierellia, Cucmnit&i, and Mimo- 
xites, have been given. In some of the terlLary formations there occur 
pieces of wood, which present the structure of that of Pepper-plants 
and ol‘ Palms (figs. 826, 827), and there are also leaves, tvhich 
liave the llabelliform appciwance of Palm leaves, included under the 



iiaiiu! of Palwadiea (fig. 828). Specimens allied to (diara are also 
found, with their Iructification denominated Gi/rni/on/tes. Above the 
tertiary strata, and forming a continuous series with the Ibnnations 
of the present day, occur the su]>erficial deposits or the Pleistocene 
(s-As/Vrof, most) group. Tliey are ascribed to the violent action ot 
water, .-md are sometimes called Diluvial. 

1190. There have thus occurred in this earth successive deposits 
.and creations of plants and animals. These deposits have been vari- 


Kib. S 2 fi.—.SiTtloii of n nicftit I’lilm Rtcin, to allow Ha atraotiiiv. The dark dots niorkhig raseu- 
lav buiulh’ft in tiie tnitlst of ccllulur tinwe. 

Kijf. 827 .—A portion of the sniiu* to fOiow the raacnlar InuaaleA 

Fjjf. 8 * 28 .- I*ahiiacit08 LaTimiiunis. Leaf of a Monocotj'lotloii renciiiblinf? u 

2 M 
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ously altered and distributed, but all bave proceeded upon one grand 
and harmonious principle, and all speak the same language. They 
tell us of changes which have taken place during the preparation of 
this world for the abode of man, the noblest of the Great Creator’s 
works. Many are afraid to enter upon the investigations of Palseon- 
tology, from a mistaken idea that they are at variance with Scripture. 
We need not fear, however, that in prosecuting our scientific researches, 
we shall ever arrive at a point where the knowledge of nature will be 
found at variance with the truths of Scripture. The more each is 
studied, the more shall we find oecsision to admire the harmony that 
subsists between them, and the beautiful light of Ulustratiou which 
they reciprocally shed on one another. 


Fur frilcr details on the subject of Fossil Botany, consult Brongniart’s Plantes 
FossUes, Hutton and Lindley’s Fossil Flora, Witliam on Fossil Plants, Goep- 
pert’s Fossil Ferns, Goeppert on the Flora of the Brown Coal Formation, in 
Arbeiton dor Schlesiclien Gesellsclial't for 1847, and in the Quarterly Journal 
of the Geological Society, toI. v.. King’s Papers on the Coal Fossils in the 
Edinburgh Philosophical Journal, Hooker’s Papers in the Keport of the Geolo¬ 
gical Survey of Great Britain; besides Geological works, such as Ansted’s 
Geology. 



APPENDIX. 


J.— On the Use ok the AIiceoscope in Uotanicai-. VlEsEAtu.-nEs. 

1191. The Microscope (,«/*«oV, sni;il). tiiid nKo^ria, 1 see) is an instrumcTit 
for cii.iWinjj Ihc eye. to see ili.stiiiotly objects wliicli are placed at a very short 
dtsEuice from it, or to see minute objects that would othcnvisc 1)C invisible. 

It has been used with peat success in the examination of vegetable structure. 
To it we are indebted for si knowledge of the various vessels and cells which 
cuter into the composition of the different parts of plants, the circulation of fluids 
and ciliary movements, as well as for * 1110 , facts connected with the development 
of the embryo. It is an instrument, however, which requires to be used cau¬ 
tiously •, ami the, eonelusious drawn trom it ought to he carefully weighed, more 
espeeially when tlic observations have been miide with high magnifying powers. 

1192. t.eiiRes.—llcfore inweeding to notice the construction of simple and 

compound microscojtes, it will tjo adi antagoous to notice the different kinds of 
lenses used, and the sources of eiror which require to he giiarded against in 
their preparation. The chief forms of lenses used ate, the rfouWc-conuex, with 
two faces-, pkum-eoivccx, with owe face flat and the other concave-, 

(iotiUe-coiicave, with two wmeave faces; a\id pbrno-covcaoe, with one flat and 
one oouoavc face. Sometimes, also, a 7nnii<icv« is used, with a concave and a 
convex face, and a sliaqi edge. In the use of ordinaiy lenses, there ai-e sources 
of error from the form of the lens, .and the nature of the matei-ial of which it is 
made. When p!irallel rays fall on a double-convex or a jdauo-convex lens, thej 
are brouglit into a focus at a eert.am distance: hut it is found that no lens with 
a spherical surface can bring the rays of light coming from one point exactly 
into the focus at another jioint. Hence arises what iiS called Kpherical aberrii- 
tioit. Moreover, the material of which the lens is made acts differently on the* 
different portions of each ray, and separates the white light into different colours, 
which have various degrees of rcfrangibility. This gives rise to chromatic 

colom-,) aberration. To remedy these defects, certain combinations of 
glasses have been adopted, so that the light traversing one lens through the 
centre may pass through near the mjirgin of another. The confusion piwuccd 
by these aberrations may be greatly diminished by diminishing the pfmdl of 
light; for instance, by employing a stop or diaphragm, which lessens the aj)er- 



312 


SIMPLE MICEOSCOPE—COMPOUND MICBOSCOPE. 


;ure of the lens, and cuts off the peripheral rays. In lenses of low power, such .is 
we used in the simple disscc.tiiijr microscope, these aberrations will not causc 
nuch conflision. It is only when high powers are required that these aberrations 
nust be done away with, the apcrtui'e heuig increased without interfering witli 
iefinition. The invention of Wollaston’s doublet witli two lenses, and Hol¬ 
land’s triplet with three, was with tlie view of diminishing, as far as possible, 
these aberrations. In this, however, tliey were not successful, for coloureil 
images were still produced. Their lenses were constructed of the same kind 
of material; and it was allenvards found that in order that lenses might pre¬ 
sent the object uncolonred, or be wlnit is calhal uchromutic («, privative, and 
X^af*a, colour), it was necessary to use gliisses of two different densities. 
Achromatic lenses, or such its are nearly free from aberration, are constructed 
by placing together glasses of different disperaive powers, and of different forms. 
The usual achromatic consists of a double-convex lens, mtide of plate or crown- 
glass, and a plano-concave, ui.ade of flint-glass, fitted accurately to it, and 
cemented by Canada balsam. Sometimes three lenses are used, the middle one 
being double-concave, and in that case they cannot be cemented. 

1193. microBcopen aiti of two kinds—.Simple and Compound. By the 
Simple microscope, objects are viewed througli a single lens, or through two 
or three lenses placed together, so as to form doublets or trijdets. The glass is 
arranged so that it can be brought over the object, and adjusted, by incans of a 
rack and pinion, or by some other contriviinee, to its exact fotial distance, the 
object, when u])a(pie, being seen by light tlirov. ii from above, and when trans¬ 
parent, by light transmitted fnnn below. This inslrumciit, when used with 
single lenses or doublets, is the best for ordinary botanical investigations, inori' 
■'speciiilly for dissections. The eombinatiun of three lenses approaches too nottr 
the object to be easily used. .V very high jiower imiy he obtained by means of 
the lenses tenned Coddington'.; atid by doubiets formed of plano-convex gl.asscs. 
The chief objections to the simple muwoscope are the fatigue attendant on loiig- 
eontimied investigations, tmd the small field ..i view. li. tint simjde niieroscoi.i', 
glitsses of the following focal lengths may iie employed—viz , 1.) inch, ‘J, i, i ; 
atid. if ver}' minute objects arc to be examined, of or of an iiuih. 

1191. In the Compound microscope there are two sets of lenses,—the oiii> 
called the ohject-gluss or objective, the other the eije-iriecc or ocidiut Tlic firs; 
receives the rays thmi the object, and bringing them to new foci, forms an image, 
which tho second treats as an original ohjeet, and uiaguilies it jiLst .as the single 
microscope magnified the object itself. In the construction of the oljeet- 
glassts, great care is taken to render them achronialic. Those made by the 
most emiuent Loudon makers consist of two or three compound lenses, which 
cannot be used separately, but arc fixed together in a tube. In the case of 
high jjowers, tlie objeot-ghisses are also provided with an adjustment for the 
liiickness of the glass covering tho object to be viewed. The eye-piece, 
also, must be so ibiuied as to be free from error. That used is called Hnyghen’s, 
and consists of two plano-convex lenses with their plane sides toward the eye, 
and placed at a distance apart equal to half the sum of their focal lengths, with 
a diaphragm [ilaccd midway between the lenses. In this eye-piece, the lens 
next tlie eye is called the eye-glass, the other the field-glass. The eye pieces 
applied with the best microscoiies are usually throe; and they are so con- 
iwieted, that, with each of the object-glasses, they pve a certain amplifi- 
<^n of the object, the powers being in the proportion of 1, 2, and 3, or 1, 11,, 
In the be.st microscopes there is alra an achromatic condenser or 
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eclairage, through which the light reflected from tlie mirror passes. The am- 
pUfication by means of an eye-piece in the compound microscope enables us 
to use an object-glass of a lower power than would otherwise be necessary. 
This kind of microscope, when well constructed, gives a flat and colourless 
picture of the object, with clearness of definition. The observer can use it for 
a length of time with less &tigue thsm when employing the simple microscope. 

1195. In examining vegetable structures, an instrument magniijdng 150 to 
200 diameters is usu^y suflicient; bnt in some instances higher powers are 
required. Achromatic object-lenses of 1:J, f, and of an indi, are recommended 
as the most essential; and two eye-pieces should be provided, one of about 
1^ and the other of inches in length. The instrument sbotdd have both a 
coarse and a fine adjustment; and it is of importance that it should be made 
to incline at an angle, or to stand horizontally. A moveable stage is also use- 
ftil, so that the drfi’ercnt parts of the object may be viewed witliont being 
touched by the fingers, and a spring-holder to fix the objects on the stage. 

[The following figure(829) represents 
an actiromatic microscope of modem con¬ 
struction. It consists of a massive cir¬ 
cular foot; jointed pillar to admit of the 
instrument being used either horizontally, 
vertically, or at any intermediate angle; 
rack-work adjustment, with slidingstage; 

Hnygheuian eye piece; set of three ach¬ 
romatic object glasses, single lens and 
adaptci', concave mirror, stage and spring 
tbrccps, animalculiB box, glass sliders 
for receiving objects to be examined, 
and pieces of microscopic glass for cover¬ 
ing objects, with objects mounted in 
Canada balsam on sliders. 

DiBEcnoNS.—The spot best adapted 
tor microscopic observations is one free 
from tremor, where a good light, either 
from a white cloud, or Argaud lamp, 
may be obtained. The mirror, h, and 
optical parts of the microscope are to be 
rendered free from dust by the careful 
use of a piece of cluunois leather, or 
camel’s-hair pencil; the toot, </, is to Ir 
be screwed to the p^ar, y, and the eye¬ 
piece, o, having been ^d into one end 
of the body, a, and the object glass, i, 
or j, being screwed into the other end; 
the body is then to be firmly screwed 
into the arm, c, and the compound body 
inclined so as to bring the eyo-pioce, o, in such a porition as to be opposite the 
eye of the observer when sitting in an easy posture. The adjustment of the 
light is the next step, and this is easily efiectra by turning the mirror, h, until 
the light reflected by it passes through the hole in the centre of the stage, c, and 
the maximum amount will be obtiuncd by now looking through the instrimcnt, 
and slightly varying the position of the mirror, until the whole field of view is 
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clearly illominated. The object to be examined most be placed on a slip of glass, 
either with or withont water, and a thin slip of microscopic glass be laid on it, 
and then placed on the stage, e, in snch a position as to be exactly in the axis 
of the object glass or power employed; the object is retiuned from slipping by 
the sliding-piece, p, which serves readily to ret^ the object in the centre of the 
stage; the focus will now be easily obtained by taming the milled head, <f, so 
as to raise oriower the body, a, as occasion may require, nntil on looking through 
the instrument the object appears clearly defined. If the object is very opaque, 
the light reflected ly the mh-ror will be of no benefit; it will, therefore, be neces¬ 
sary to throw a powerfrd light on the object by means of the condenser, r, the 
pin of which fits into the hole at the comer of the stage, and to view it with as 
low a power as possible. The achromatic lenses, i, are used together for the 
hipest power, but must be separated, and one only employed, if a lower power 
is required. The plano-convex lens, j, is for use in dissecting small objects, and 
for mounting specimens. If the body, a, is removed, and the adapter, k, having 
the olyect glass attached to it, be screwed into the arm, c, the instroment wifi 
be convert^ into a simple microscope, well adapted for dissecting and examining 
objects to prepare them for mounting to be viewed by the compound body and 
higher powers. 

A more powerful instrument is shown by figure 830. This has a compound 
body, sliding stage, revolving diaphragm, rack-work coarse adjustment, tangent 
screw fine adjustment, concave and plane mirrors, double pillar support on mas¬ 
sive tripod base, two 
sets of achromatic ob¬ 
ject glasses I and J 
inch focus, shallow 
and deep eye-pieces, 
adapter for use in dis¬ 
sections, mounted con¬ 
denser, spring and 
stage forceps, box for 
live insects, selenite 
stage, micrometer, po¬ 
larising apparatus, and 
objects mounted in 
balsam. 

Desceiption.—^T he 
stand, or base, con¬ 
sists of a strong tri¬ 
pod, a, supporting two 
upright pifiars, 6, h, 
between the upper 
parts of which an axis 
works. This carries 
the whole of the opti¬ 
cal parts of the instru¬ 
ment, which can be 
adjusted to any incli¬ 
nation, horizontal, ver¬ 
tical, or intermediate. 
830 The stage, d, e, is 
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firmly attached to the axis, as is also the double mirror, f. The triangular bar, 
(/, has a rack on its posterior pail, which is worked by a pinion, the indlcd heads 
of which are seen at h, h. The liody, i, screws firmly into the arm, j, the object 
glasses contaiucd in the boxes, k, I, screw into the body at m; the eye-piece, n, 
or o, slides into the other end of the body. The mirror is plane on one side, and 
concave on the otlier, and is fitted with a universal movement, so as to be in¬ 
clined in any desired position. The milled heads, A, 7», by being revolved, raise 
or lower the body, i, and constitute the coarse adjustment; the fine adjustment 
is effected by turning tlic milled head, p. The object to 1^ examined is placed 
on the stage, (L, and retained in the rerpiired position by the sliding piece, e. The 
quantity of light admitted through the instrument may be modiM by the dia¬ 
phragm, r, which consists of a plate of brass with four ajierturcs of different dia¬ 
meters, made to revolve on a central pin or axis fixed to the bottom of the stage. 
In addition to the four holes mentioned as needed to admit the requisite amount 
of light, the diaphragm is fm-nished with a tiftli liole, into which the monuted 
Nicol’s prism, s, screws, forming the pohuiser; the analyser, t, is screwed into 
the up])cr part of the adapter of either, k or /, previous to its being attached to 
the body, The polariscr, s, is mounted in a double tulie, so as to be capable 
of being revolved by turning the large milled head at the bottom. The con¬ 
densing lens, II, is fur illuminating opaque objects, and tits by a pin, c, into the 
hole at the corner of the stage; it is so fitted that it can be used in any required 
})osition or angle. The forceps, v, are for lifting small objects. The stage for- 
ccj)s. If, tit the hole in the corner of the stage,and serve to hold any opaque 
or transparent object while l>cing e.xnmiiied. The live, or .mimalcnlic box, x, 
is lor retaining insects, &.(.■. in the field of view, and fur the examination of a 
drop of water containing auimalcuhc. The adapter, //, may have the object 
glass, k or I, screwed into it, and l)c itself screwed into the arm, J, in the place 
of the body, i, when it is desired to form a Sinqilc Microscojie. 

Among the objects funiishcd with the Miciwcope will be fimnd a plate of 
selenite, which, if laid under many animal and vegetable structures while being 
examined by polarised light, will cansc them to assume the most gorgeous colours, 
nltliongh without this addition they may be jiertcctly colourless. 

The achromatic object glasses, k, consist of tliroc phmo-convex lenses, and 
the set I, of two. All of etich set arc used together when the highest mapiify- 
ing)K)wcr is required, but where a lower'mt^iifying power is needed, one lens 
only niiiy be used; care must be taken not to mix the lenses of one set with those 
of the other.*— Editor.2 

1196. Micrometer.—In measuring the sixe of objects, a mcrometer 

small, and ftirpoy, a measure) is employed. The stage micrometer consists of a 
]>iece of ghiss, ruled with fine lines by means of a diamond point, at some known 
distance apart, such as the or yuVni of an inch. This is laid on the object- 
glass plate, and the substance to be mcasiwed is placed on it. It is necessary 
that the object and the fines should be seen at the same time, which cannot be 
always accomplished. The eye-piece micrometer consists of an cye-pieco 
havmg a glass divided by linos, varying fi-ora to y of .an inch apart, placed 
either in the focus of the eye-lens, or below the field-lens. Other kinds of 
micrometers are also employed, sneh as the cobweb micrometer, where, by 
the motion of a screw, fine wires or cobwebs are made to separate from eacli ' 
other. 

1197. MleroMoplc Appanuiis. —In delineatinwainnte structures, it.is nsc- 

• These two microscopes are manufactured by the pubUshoiBW this volume.—E<tf(or. 
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ful to have the image tlirown on paper by means of a camera-lucida, or small 
prism, which can be easily attached to the microscope. A polarizing apparatus is 
a useful appendage. In the apparatus sent along with microscopes will be found 
a compressorium, for the purpose of applying pressure to objects whilst they are 
under examination, troughs for holding such phuits as Ohara, which arc to be 
seen iu water, and various instruments for the dissection and examination both 
of animal and vegetable structures. In testing the power of the instruments, 
certain minute objects are used, such as the scales of I’odiua. plumbca (common 
Spriugtail), of Lepisma saccharina, of Hip{)archia Jaiiira (common Meadow 
Butterfly), the hair of Dermestes, and Musrailar fibrill*.* Certain markings 
occur in these test-ohjects which can only be seen by good microscopes. 

1198. In viewing objects under the microscope, they must be placed cu 
slips or slides of glass, which should be of a uniform size, not less than three 
inches by one; and they should be covered with pieces of very lliin glass, 

to f Jr, of an inch thick, and about J of an inch s(]narc. The slides ought to be 
made of thill pl.atc-glass, and the covers of very thin crown or plate-glass. In 
examining recent vegetable structures, it is best to moisten them with water. 
When the parts are dry, thin sections may be made either by means of slicing 
instruments, or by a sliarp knife.' Many dry objects arc well seen when immersed 
in Canada balsam. To preserve objects in a moistened state, the substaiici r 
used arc alcohol, solution of salt, alum and corrosive sublimate, watei' contain¬ 
ing a small quantity of creosote (6 grains to the ounce), and glycerine. The 
objects, iu such instances, are placed in shallow glass cells, or they aro laid on 
the slides and covered with thin glass, which is cemented by means of japaniicr'n 
gold size, or black japan vaniish. 

1199. niktolom'.—The study of the microspic structure of organized bodies 
is termed lluttologi/ or Histiology {iaris, or larms, a web, or tis.stie). In the prose¬ 
cution of it, it is nccc.ssary to h.ive good microscopes, such as those constructed 
by Powell, Ross, Smith and Beck in London, Oberhaiisc & Chevallicr in Paris, 
Ploesel in Vienna, Schiek in Berlin, or Pranculuifcr iu Munich. It is not enough, 
how’cvcr, that the instrument should be good; the student must also know the 
mode of using it, and of manipulating. Hence the innwrtiuice of courses of in¬ 
struction in this department, such as those given at various medical sehool.'i. 
Constant practice is required in order to avoid sources of fall.acy .and incon-ect 
observations. The instrument must be steady; all dust must be carcfidly 
avoided, the lenses and glass-slides being well cleaned with such inaha'ials as 
well-washed linen, which will not leave auy adherent particles. The illumina¬ 
tion ought to be good. The best light is that derived from a white cloud. When 
the sun's light cannot be used, then a si)cnn-oil lamp with a shade may be 
employed, the light being concentriitcd by a condensing lens. In viewing opaqu(‘ 
objects, an additional supply of light is obtained by having a concave silvered 
speculum, called a Lieberhiiu, attached to the object-glass. The mirror of the 
microscope ought to be placed near the stage, in order that the rays may reach 
the olject before crossing. Certain parts of objects may be rendered more vis- 

*^ble by the use of reagents. Thus, iodine gives a blue colour to starch, and 
usually a brown colour to the cell-nucleus and to the ccll-mcmbranc; while sul¬ 
phuric, nitric, iind acetic acids, and ether, act by removing some matters wliich 
« obscure vision in particular instances. 

1200. Dr. Allen Thomson remarks, that, in conducting microscopic observa- 

• For DrawftiKS of tlioso FibStHe, sec Fopor by Mr. W. Murray Moblc, In tlie Annals of Natural 
History. February, ISl'J. ^ 
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tions, it i« proiwr to l)cgin the examination of any struotnre with the lower 
magnifying powers, and then to pass from them to the higher; and at all times 
to prefer the lower power when possible. The light passing through the in- 
slrutneut should he mudeivatc, and the eyes ought, as much as possible, to be 
screened from external liglit; the instrument ougiit to be placed at such a 
height, and in such .a [)Osition, .os will prevent either stooping in a constrained 
attitude, or fatigue IVom long-continued observation. In accpiiring proficiency 
in the niicrosca]>e, the student will find it casuuit to begin with the various 
forms of cells in Confervoe and other 6im|)le celhd.tr plants, and then to proceed 
to the vascular tissues of higher plants, directing his attention first to the sec¬ 
tions of the sorter parts, and then to various kinds of woods, rrom this he may 
pass on to the stmeture of the leaves, flowers, pollen, seeds, and .spores, and to 
the phenomena of fecundation, and the movement of fluids in plants.* 

MiCllOSCiIflCAL I’ltEf.VRATIONS. 

1201. The following is a list of some of the preparations used in the Botan¬ 
ical (!lass at Ediubnrgli, for illustrating vogetalde structures:— 

Celliihtr Thsuc .—Section of pith oi' Elder, section of Kice-I’aper plant, nu¬ 
cleated cells in the Onion Bulb, in Jnngermannia bidentata, stellate celts 
of .Juncus, hairs of Cotton. 

f'rlhilor Plantx. —Conferva, Diiitom.a, Isilimua, Licmo|)hora, Ciostcrinm, Ute- 
niatococeus, l)ni]iiirntildin, IMcloseira, Schizonema, SpliaToplea, Dickicia, 
llivularia, Spirulin.a, Ul\ a, Anabaina. 

^/nral Ci’ll.i. —Oncidiuiu, .fungermannia, Episjx'rm of Salvia, Gollomia, 
Acanthodium, liophospenimm, Coba'ti, wing of the seed of Calempelis 
scalper. 

1! oipi'/// I'ihre .—Boot (pf Elder, Ehix, Hemp. 

Spti id Vessi’Lt .—Canna bicolor. Nepenthes, Banana, Cactus, Hyacinth, As¬ 
paragus, Ibnlsani, branching spirals in Mislctoc tmd Long-leek. 

Puroiui I’me/.s.—Sugar-cane, Nepenthe.s. 

AnrmUir Ve.s.icL '!.—lloipt of Oinmtia. 

Scalariforiit —tbsmiindii, Asplenium, Chcilaiithcs. 

/Miiciferoiis VcKsets .—Ficus clastica. Euphorbia, Tragopogon, Chclidonium. 

Culick. —Pelargonitnn, Onciditiin, Wheat .Straw, Eqnisctum. 

(ilmuh and Scales .—laaf of Mentha, Aloysia, Elmagnus, Sweet Briar. 

Hairs. —Cyuoglossum, Sterculia, Coldlh.ssia, Trichinium, Stifl’tia, Alyssuui, 
Tradcseanti.-v, Antirrhinum, Deutzia, Nettle, Chinese Primrose. 

Stomata. —Ifyacinth, Begonia, Oleander, Lilinm, Eqnisctum. 

Starch. —,\rrow-root, Tous-lcs-mois, Potato. 

Jtaphi(le.s. —Hyacinth, Rhubarb, Anmi, Onion, Balsam, Cactus, Ficus. 

Vertical Section of Leaf. —Oleander, Ficus. 

Leaf and Eoot-Appendages .—Bladder of Utriciilaria, sheath of Lemna. 

Exogenotis Stem ami Hoot. —Clematis, Chestnut, Alder, Poplar, Willow,^ 
Elder, Birch, Bread-fruit Tree, Banksia, Bignouia, Drymis, Ebony, Fir, 
Pepper, Cedar, Norfolk Island Pine, Savin, Oak, Elm. 

lindogawus Stem. —Palm, Cane, Sugar-cane, Coryjdia. 

Acrogenous Stem. —Tree-fern. 

* For All] details oh tf> the constniction of inicfosoopea. and the mode of makini:: preparutton.'i, 
('(Hiiiult (^uehett’s “ FrurticiU Ti’catlsc on the use of the Mieroscoijc.” liondon, 1S4S. 
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MODS OF COIXECnUG PLAJJTS—^INSTKDMENTS. 


Pollen, —Acacia, Lily, Psoony, Passionflower. 

Pollen-Tubes. —CEnothcra, Antirrhinnm, Linaria, Eschscholtzia, Gcsncra. 

Ovules. —^Yallisneria, Anneria. 

Embryo. —Tropasolum, Praba. 

Section of Indurated Cells. —Seed of Ivory-palm, Doom-palm, Betel-palm, 
Torminalia, endocarp of Coco-nut, i)cricari) of Attalea, scale of cone of 
Stone-pine. 

Spores, ^c. —Eqnisctnm, Fern, Moss, .Tunfrcrmanuia, Peaivia, Agaricus, 
Tyndaridca Thwaitesii in conjugation, Cylindrocystis and Zygnema in 
conjugation, spores of Fucns canaliculatns germinating, Spermatossoa-ccUs 
of Ohara. 

Fossil Exogens. —^Whitby, Craigleitli, Tweedmill, Longli Neagh, Kergue- 
lens-land, Oliio, Scarborough, AIIcn-Bank, Folkestone, Egge, Noway, 
Harwich, Botany Bay, Newc.astle, Isle of Thauct, Lenncl Braes. 

Fossil Endogens. —Antigua. 

Fossil Diatomaceau —^In Premnay Peat. 

Section of Surtnrbromi TAgnite. —Iceland. 

Sections of Broion Coal. —Devonshire and Hessia. 

Sections of Coal. —^Lesmahagow, Newbattle, Monkland, Arniston. 


II.—On Collecting ani> Examining Plants, and on the Fokmatiok of a 

Herbauium. 


120%, luttnDscnM »na Avpamtaa .—In cxiimhiing the charactcr.s of 
plants with a view to classification, the chief instruments required are a 
lancet-pointed knife, a small pair of forceps, and a lens. In more nihiutc 
examinations, the simple or compound microscope must be called into re¬ 
quisition. In selecting specimens, care should be taken to have the plants 
in a perfect state, or with all the ch.aracteristic parts present. Thu entire 
plant should be taken when practicable; when that is not the c.T.se, then those 
parts should be taken on which the generic and specific characters arc founded. 
The roots should always be earcfiJly wa.shcd at the time the plants are gathered. 
In most oases, particularly in specimens of Umbellifcr®, l..egnminoB.'e, Composite, 
Rosa;, &c., it is of importance that both flowers and fruit should be preserved. 
In the case of Willows, the young shoot, witli its fully developed leaves, as well 
as the male and female flowers, arc requisite. In Kubi, specimens of the young 
shoots must be taken. When bulbs or tubers exist, they should bo preserved, 
either in an entire or split condition; and when there is much mucihiginous 
matter in them, they may be enveloped in small pieces of paper, so as to prevent 
them from adhering to the diyihg paper. In the case of Ferns, two fronds arc 
necessary to make a perfect specimen, showing both surfaces, along with a 
portion of the rliizome. Entire specimens of Graminets, and Cyperacca.;, should 
be collected; these, when long, may be bent into one or more folds, correspond¬ 
ing to tlie size of the paper on whidi they are to be fastened, the folds being 
temporarily retained by small slips of paper having slits in the centre. No bail 
specimens ought to be preserved. The size of the paper recommended fur 
forming a herbarium is about 1? by 10^ inches. It ought to be stiff paper fit 
for wnting upon. The size of the paper will determine that of the specimens 
to bo'dried. 

7fl203. In t^ing up the roots of plants, a small Digger or trowel is used, 7 



APPAEATUS BEQCIBEU FOE DETDJG PLANTS. 


619 


or 8 inches long (fig. 831); the spud 2^ inches long, 2| inches wide at the 
top, narrowing gradually to 2 inches at the bottom, the 
lower angles slightly rounded. This can be put into a 
leather sheath, and fastened by a strap round the waist, 
the spade itself being attached to the strap by a long string. 

A japanned tin box or Vascuhim is required for the recep¬ 
tion of specimens. Tliis should be of suffident length to 
receive a plant of the full size of the herbarium paper; it 
ought to be convex on both sides (fig. 832); and its capa¬ 
city may vary accoiding to the wish of the collector. In 
long excursions, where productive localities arc visited, it 
will be found that a vasculum 20 inches long, by 8 or 9 
inches wide, and 5 deep, is not too large; and when it is 

made of thin tin, it is by no means heavy. At one end a 

good sized thickish handle should be plawd, 
and it is neccssaiy to have wires fixed at 
each end so as to receive a strap for fasten¬ 
ing the vasculum on the shoulders. The lid 
of the vasculum should be large, and is best 
secured by a wire which slips into a tin 
sheath, and so constructed as not to be liable 
to slip out when the box is held by the handle. For mosses and some Alpine 

species of plants, a small box may also be carried in the pocket. Many plants 

will not bear transport; their flowers fall ofl" easily, and they are so delicate 
that their foliage becomes shrivelled. In such instances it is best to put them 
at once into paper. This is managed by having a small Field-book (fig. ^3), 
which may be put into the pocket or suspended 
round the nock, secured by straps so as to give 
pressure, and with an oB-cloth-covering which 
may be used in wet weather. This field-book 
may be made with two thin mahogany boai-ds on 
the outside. 

1204. The Paper for drying should be mo¬ 
derately absorbent, 18 inches long by 11 broad, 
and arranged in p.arcels containing not less than 
four sheets. The paper which is used exten¬ 
sively in Scotland is made by Mr. Weir, Queen- 
Street, Glasgow. In many respects the Edin- 
buigh botanists prefer it to BcntaH’s. It is of considerable thickness, absorbs 
moisture rapidly, but does not become too moist, and dries easily. A very thin 
kind of paper, called crown-tea-paper, is used for holding very delicate plants, 
which cannot be easily transferred fium one paper to another during drying. 
After being carefully laid out in the folds of this pajier, they are placed between^ 
the sheets of drying paper, and when the paper is changed they are transferred 
at once in their thin cover without bemg disturbed. 

1205. In order that pressure may be given. Boards tire requisite. These ,, 
should be exactly the size of the drying paper. Some of them are used for 

Fig. 831.—Digger or spade used for botanical purposes, 7 or 8 Inches long. 

Fig. 832.—Form of large vasculum or botanical box, convex on both sides, and about 20 inches 
long. 

t ig. 838. —Form of field-book contidning paper for pressing plants during an excui^n. 
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boards, and these ought to.be thicks and stroager thffii.the rest; others 
are inode bot^j'about | of an inch thi<i. For eveiy two reams of drying 
paper, not less thim ten hoards shall be procured; two of which are for the 
outude, and eight for the inside. Sheets of stout pasteboard are also use&l 
for packing up the plants as they become dry. The pressure is best applied 
on a botanical excursion by means of a rope put twice round the boards and 
paper, mid tightened by a rack-pin. This is much better than straps, which 
are apt to give way, and are with difficulty replaced during an excursion. 
In other drcumstances, pressure is best appUed by means of heavy weights. 
The pressnre ought not to be leas than 100. lbs. This is preferable to a 
screw-press, in which the pressure is not kept up while the plants are losing 
their moisture. In the case of plants with strong stems, they must either 
be split, or a sand-bag, of the same size as the boards, used, so as to equalize 
the pressure. 

1206. JProceM ef Dryiiig.— The plants when collected arc to be placed on 
the drying paper. In doing this, a parcel of not less than four sheets is put on 
one of the outside boards; then the specimens are laid out carefully, preserving 
as far as possible their natural habits, and laying out the leaves aud other parts. 
Another parcel of diying paper is then plac^ above these, and the same pro¬ 
cess is repeated with other specimens until twelve such parcels have been pl^Ml 
together. Then one of the inner boards is laid down, and other layers of paper 
and specimens are applied, until the whole parcel is of sufficient size to be sub¬ 
jected to pressnre. After twelve hours pressure, in most instances, the paper 
is changed, the moist paper being hung np to dry; and in transferring the spe¬ 
cimens from the wet to the dry paper, a large pair of surgeon’s forceps is us^. 
The interval elapsing between the changing of the paper may be increased or 
diminished according to the nature of foe plants, and the state of the weather. 
In the course of eight or ten days, ordinary specimens will be so dry as to 
require only vmy slight pressnre, with a moderate circulation of air. Some very 
dry plants, as grasses, may require only one changing. Some very succulent 
plants require a long period of pressure, and constant changing; and many of 


them, such as Stone-crops, must be killed by immersion in boiling water for 
five or ten minutes. Orchideons plants should be put into warm paper, and 
changed fieqnently, with the view, if posable, of preserving their colours by the 
rapidity of (hying. Scarification has sometimes been adopted with the view of 
allowing the juice to flow out rapidly. At the time the sjiecimens are laid out 
on the drying paper, a label should be inserted with the date of collecting, the 
name of the station, its elevation above the sea (if it can be asceitmned), and 
any remarks as to soil or geological structure that may be known. With the 
view <jf transporting dried plants securely in wet weather, it is useful to have a 
snptdy of oil-(doth to cover them. 


1207. Mosses may be collected in excursions in tufis, and dried by moderate 
ijU'essure at first. They can afterwards be separated, moistened and dried with 
, greater pressure. They ought to be gathered in fiuctification. Lichens some- 
"limeB require to be taken with the rocks or stones to which they are attached, 
and they may be merely wrapped np in paper. Sea-weeds must be washed witli 
ftath water before being lal(l out. The more delicate kinds are floated out on 
piejM of stiff pap<v, and afterwards dried by moderate pressnre. In preserving 
Bu(di as Agarics, &c., a tlun slice is t^n from the centre, extending from 
WMW .^the pilens to the base of the stipe. This is dried separately to show 
Iw&inla nr.nniM fbn Th« innor noiiniar T,nr»i(m of the pileus and Stipe is then 
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a^y^setoaiApe S|B|ff ^'4^ tiAive ^ibrm.VTmvdJers vistSSg 
Al^j^ T!CmTiilF(mS|fpHMiMta!i[l9 wVftiMfW eldy^ite->> jAllill 
Mosses, Lichens, and Sea-wccds in n state fIQbr loj^ e ag^ 

of Sea-weeds, it is necessary to avoid such speciuKm%OTH e^HNlateWacdi^ 
Those whieli are taken should be spread ont in tlie shade to dry, witnout wash¬ 
ing them with I'rcsh water, and when quite dry, packed loosely in a box. Many 
species arc fomid thrown ujmii tlie beach, and the pools in the rocks at low water 
are often filled with excellent spcciniens. The stems of the lai'gcr Alg.T arc often 
covered with parasitic species, which should be dried witliont separation, 

1208. When the .specimens (M'hether I’hancrogamon.s or Crj'ptogamons) are 
fidly dried, they are then .selected for the herbarinm, and arc fastened upon fine 
stiff paper, 17 inches by lOJ. Jn largo herbaria, which arc constantly cfm- 
snlted, the best way of securing the s])eciincns is by means of fine thin glue; 
the plants, after the glue is jnit on them, being made to adhere to the paper, by 
])re.ssuro between fiilds of drying paper. Some use gummed paper, others use 
thread or narrow ribbon, by means of which the spcciniens arc sewed to the 
piqier. In herbarium-pres.sc.s, camphor is employed to prevent the attacks of 
insi'cts. The siiceimeus mn>l be kept dry, fretincntly examined, and when 
insects are jircsent they may be touched with an alcoholic solution of corrosive 
sublimate. 

120!). sipcclinon* in a inoiM siatr. —In preserving flush specimens of 
fruits, !uul the other parts of plants, the best mode is to put them into a satu¬ 
rated solution of sidt and water. They can thus be sent home from foreign 
eonntrics in jars or baireLs. In making a nmscuin of .«iieh siiecimens, they 
are put into glass jars, the sizes of which should be regular—4, 8, 12, and 16 
inches high, with a diameter varying according to the size of the .specimeu. 
Till' gla.ssc.s ni.ay be tilled with the following solution, which is nearly the same 
as that used by Goadby, and which seems to answer well in most iustiuiccs:— 

liiiy .sail,... 4 ounces. 

Ifurnt alum,. 2 ounces. 

Corrosive sublimate,.20 giains. 

lioiling water. 2 quarts. 


Dissolve jnid filter the solution. Spirit is often used, but it usually makes all 
I'oloui’s alike brown. It is useful for delicate specimens which are required for 
ilissectiou. Diluted acetic ticid may be employed in some cases. The mouth of 
the glas.s jars may be conveniently covered with Indian rubber, or in the case of 
gla.“sc.s of small diameter, with a watch glass secured by scaling wax. 

1210. when sent from abroad, should be collected perfectly ripe and 

dry, and if possible kept in their entire seed-vessels. Small seeds may be folded 
in cartridge paper, smd should be kept in a. cool and airy place during transport. 
I..arge seeds aihd oily seeds, which lose their germinating power speedily, are 
best tran.s|iortcd in earth. A box about 10 inches square, with the sides | of 
an inch thick, answers well. In this may be put alternate layers of earth and* 
seeds, the whole being pressed firmly together. Living plants are best trans¬ 
ported in Wardian cases (1| 297), and seeds or fruits may also be scattered in 
the earth of the cases. Bulbs and rhissomes not in a state of vegetation, cnttmgg, 
of succulent plants, as aloes and cactuses, and the pseudo-bulbs of Orchid^ns 
plants, may be put into a box or barrel with dry mo.ss, sand,-peat, or sawdust. 








INDEX AND eiOSSAEY. 


*,♦ The Index is intended to serve as a Glossaiy. Itcfcrcnees are mode to the PawMwfehi 
wliieh the terms are cxjilained, and the nieauiug of several names not notieocninncfext 
is i;,dvcn in the Index. 


Vixragrnj^ 

Abaxial oi' aliaxilc. I'M 

Abbreviations. TD! 

Aberration, s))he)'i<'.al.lliri 

-cbroniatie.. ..llirj 

Abies.1044 

.VbietiiuM'..IbDi 

—., itei'ioii of.IKH 

Aliiionual... 121 

Aixirtion or non-devclop- 

iiieiit. fiS9 

Alinipt, 111 lint, see Tniiieate. 
Alisoiidion of tiuids by 

plants.2.'ih 

-liior)janic 

mattci's.221 

Aeai-iu.I.'il, 8S9 

AeiintliaiW. 970 

.Visinthodiiiiii. 971 

Aeaiithns.P7I 

Aeanles. IH 

.liKlimatizinp; of iiiants ...lUiS 

Aecresceiit.2117 

Aeci'ete, grown toKetlier. 

Aceumbcnt.001 

Aeenieea!.005 

Aecrusc leati niinxiw and 
slender, with a sliar]i 
point. 

• ■ .Ml 

us.oi!) 

.1190 

•Ichras.o:)7 

.U'hroniutie.1102 

Aficular. u .100 

Aeida, Organtc.320 

Acinoeifonn. lliO 

Aeiniis, one of the divisions 
of the fiaiit of tlie Kiisp- 

berry..MS 

AconitaorAeonitinii.740 

Aconitnni. 740 

Acoroa;.1090 

Aconis Caiamus.1091 

A^|ybd||toy^..liiK), 1104 

Arayledonoua stem 71,102,107 

Acramphibrya.736 

Acrobiya.1104 


Parapraph 

Arroraipi.IlllO 

yuragraj'ft 

Alkanct.9,i9 

Acrogcnous stem ..71,102,107 

Alligator jiear.994 

AHitim .107«: 

Ac'tinendiyHiii... A| 

Allspice. Wi7 

lr*i*ililiuito.loO 

AUuui’s ncwUc,.r..l07fi 

Adaiisonia. 784 

aVdJicmit.IW, 4(t8 

Adhe.sion of Organs .(si2 

Alimmd.855 

Alls', Anierican .1071 

Aloes.1076 

A10(»8-wood.1003 

Aloiiiea'.107-3 

Aloysia. 



AdunoouK, crook<‘d or liiH^kcd. 
Adv<;ntiti(ms Jeaf-biuls.... 1% 

Alsodeica*.. 70K 

Alstromcrica! .1070 



-leaves. I:i4 

Aiscnlus.807 

JjJsHjmMmt ..UW 

AvtmopalnJIy.10!)1 

Aiiitiify.701,1147 

Agamous.389 

AiraricuN....1124,112'> 

Agathotes Chirayda.949 

Agaveie.1070 

AJHRftllii'ctu..MKW 

Aliiininu in the soil. 23li 

Alveola, a pit or socket. 
Alveolate, like a honoycomh. 

Amadou.112.5 

Amanita.1124 

Aiminmtiiiuru'.{>84 

A mar>’ llidiicca*.1070 

Amentiiecni.1033 

Agghitination of cells ....' 13 

ISWCTOH^'owslip Is Dodtt- 

Aggiegate fruits.038 

Air-cells. 21 

Air^plants,.. .121, 251 

Akeo fruit.807 

Alabastrus.304 

Alaj.379 

Alniij^ttC'Cat.8ri4 

AJbmiimi.5S7, 588 

AmBrnmous.iiS? 

Albimmm.... 78 

.1036 

Algffi.1127 

Algology, the study of sea- 
wecfla 

Algaroba-bean.831 

Alismaeoa).1086 

Alkaloids.321 

Aniomum.1060 

Annnonbt,iiouree of nitrogen 213 
Aminoniaeol liiiuor, as a 

raannre. 246 

1 AmmoniacaliTiuiiun'K .... 24o 

Amnioiiiucam.801 

Amnios.46:1, .58C, 

Aliiiiiotic Kic..504 

AinpeUdeu!. 813 

Amphibians plants.1139 

Ampliibrya.1047 

Ainphlgamaj ur An||j||^^ 

,A]nphisiircB,an indehisceiit 
inultilocular fraiit, like 
that of the Baobab. 
AjjjghttnjJjuJ.468, 603 
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Paragraph 

pl^cnnl. 

pfflfc.^....4*i0,l(}4 

AinyK<laU*«p. 8M 

Amyd|;aliiic.310, 8^ 

AmylM^eous, storaliy. 

AmyrlilticeiB. R44 

-, Region of ...1363 

AnttcartUaceee.. 1.842 

An&ryclus. }>17 

Ana^Hs.873 

Analogs-..1-.. 

Analyma of 8 o!1k.238 

Anamirta. 747 

Anana8.1074 

AniiKtoinoMiK, tlie untoti of 
veins. 

Anatomy, vegetuble. 1 

Anatropui.4fi7, r>84 

4iJ7 

iVndlfa .8.30 

AnctFoeciuin.3U0 

.Vndrog>'non8,lJil1<»rpsK'<*ju*e 
consisting both of male . 
and femide flowens. 

Andropbore.809 

.Anemunca*.789 

Anetbum.892 

Aoipiuctaosc. 406 

AflS«ica.890 

Angicnebyina. 28 

Angiospenntie.981 

An^ORiMinnoos ..376 

Angustiw'pta:.7(K) 

An^stura or Angostura 

bark.81^ 

- —, Folse.947 

Anise.892 

Anis(»steinonous.392 

Aniiotinus, a year old. 

Annual.633, 718 

AimtUai* cells .. 11 

-vessels. 83 

Annularla.1180 

.rVnnulate fcniH. .JlOH 

AnnuloUsI iDot. 123 

Anomalous, unusmil. 

Anonaccss.744 

Anterior, applied to parts 

of the flower.. 

Antbeinis.917 

Aiilbcr.393, 402 

-, colour c»f.413 

-, csorerings of.403 

, .:..hi8cence. of.^ 

development flfT.*.. to 

-. form of lobes of.... 406 

——, union of.417 

Antberlcca?.1075 

Antheridhnn.427, 492 

Antbesis, opening of the 

flowers.854 

AntliocarixiuH.338, 336 

,^Qtliodium.836 

Abthotaxis.824 

Antiaris..-..1022 

Antics .412 

AntirrhiuideiKi.964 

. 6(K} 

.6()3 

Apetaluus.1.<14. 

Aphylianthete..1073 ' 

Api^em. 888 

Afddlar. 451 


t\traf/ra}>h 

Apicular.580 

Apiculate..... 5M 

Ajio^Mia.1119 

Appendicular orguns. 57 

App(‘n<liculutc...888, 89H 

Apple 

Aifpresacjcl hail's.. <>0 

Apterous, ^\itliout Mings. 

A(|natic plants.1189 

Aqiiifoliacese.984 

AguiJuriueem.1008 

Arabiue.808 

Amcese.1090 

Aruliacea*.. 8}I4 

Aniucaiia.1044 

Araucaiites.1184 

Arborescent. <>8 

Arbor-vita*.1044 

Arbutus.92' 

Aivhcgoniimi.492 

Archil.1121 

Arctium.916 

Aivtostaphylos. 927 

Arcuate, cun ed like u Ik 

Ai'disin.988 

Ai*cca. In84 

Ai’cciiiofe.1088 

AvciolaU*, di^1dcd into dis- 
t angular s]mu‘c 

, Al gol..9)18 

Arillode.581, 996 

I 381 

Arm^.1090 

Arista, an iimh, as in. 

grasses.1097 

Artstate.10!>7 

Aiistoloclibu'ca*. Umk 

Armeila.977 

Arnica...917 

Aniotto tuinily.766 

Amicaeba.8!M) 

Ai’iw-rcMrt .10<i2 

-, limr.iliai).lOlS 

-, spurious.10+6, KMiO 

Aituutlie. mhh*«^1032 

Aiteiiiisia. 917 

Artichoke.91(i 

—, Jerusalem .... 917 

Aitiflciul System.715 

Artoeari)e«.1019 

Asarabacca.1030 

Asarum..1010 

Ascending onih*.M71 

Aseberson on Oytogencsis.. 22 

Ascidiu.164 

AsclcjuudiU'Cie.9^ 

Ascoinycetes.1123 

Ascus. 459, 

Ash.941 

Ashes of plants.220 

Bean, l^eu, and 

Itye-GrusB. 

-Oats.223 

- Wheat .... 

.iVsimrageiC.. 1. imo 

Asimragns.1076 

Aspen.1(^ 

Asphodelete.1073 

Assafeetidu.H9l 

Asteraccfc.910 

Asters, Region of.1155 


l’uraff)Xl)’h 

Astragalus.K3o 

Athcrospennaceui.1027 

Atractenchymu. 

Atiiplex.W7 

Atropa...9«}1 

Atropia.061 

atrnpal .465 

AXt^^^tORCHS.S55 

Aucuba.89(» 

Aurantiacem.793 

Auricula .975 

Auriculate.ISn 

Autumn Crocus.107s 

Avcllano.95 >h 

Avemia 

Avocado Pear.JMU 

Awl-shtiped, see Subulate. 

Awn, sec Ailstu. 

Awned, sec Aristnb*. 

Axe-sbaped,. 13 

Axial . 

Axil. 110 

Axile.440,4Ui2 

.!4<>, 1<10 

AXW^Wending 
d(*s(*en(Ung. 

-, flonil.823 

A^sotc, fM»urc<* of.215 

Azotized matter in plants.. 811 
, l*roducts.81<i 

Azalea 

linbul-M'oiKl.832 

hiuvu .350 

liac'cute 

Ralanophoracete.1102 

BalaiiHta.350 

Balm . 

BuhiiofOilcHit. 843 

Halstnn, bursting of sc'cd- 
vessel. 

-liimily .8J9 

-of<\)j)aiva.831 

of T\ 

- of Tolu.830 

- -ofUiniri .SIO 

Ralsamnceie.IO:-{;» 

Balsamiiiuccoi.si!) 

BalHamodendi'on. 

KHlSiimx.. 

Bamboo.Iloo 

Banana.BWi-i 

Bananas, Region of.1160 

Banc-berry is Aetata.789 

iiauksla.998 

Banyan. 

Ibrnbab.,>.-**198, 7+4 

Barba docs Clicny. su4 

1+arbailoes Gooseberry .... 88 { 
Barbed. 

Bark.:.72, 82 

, falsi;, in Kndogens 

, functions of.109 

- , mode of Us hieniasc.. H<; 

-, rupture of. 

-, anparafion of outer 

layers of. 

Btti'ic-bre^.10+4 

Burk, Peruvian ..908 

-, false.908 

. fever.903 

Barley.1142 

Barosma.828 

• l+arringtonicu'.866 
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Paragraph 

Karrv on Cell-funnatiun .. 22 
8i>c Btudbu*. 

iiuMW, on?ftiik‘.321 

JtimicUii.1122 

ijasii. wn 

Boftihir.451 

IkujiRla. 937 

ItasRorin.303 

Ikwt, or llrtSH..2!», 7HH 

llust Utyur. 

liatataa. iiUti 

Bay'Laurc].H55 

Ileaded 37 

Beaked, )t>niiig u lon^f 
ahuri) point. 

Beau.S-W 

Beaii>ca)>er.K2<> 

Bearded. 

BcBucru.iWW 

Beech.KW: 

Beech-dro]>H.'Nv! 

IkHJt.SW7 

Beet>Mnear. 3(>t; 

Be»:oiiiocea:*.992 

Bcll-Hhn]Mul.HKO 

BellMdoiniu ..iNil 

lleJvisi«ei*:i*..H74 

Ben^ii Hemp.K50 

Ben-nutH.H53 

Beut or Murnuii.1101 

Benzoin.1W2 

Berl)eH<luec:e. 74H 

Bcrlwrry or Barberry fu- 

mlly. 748 

Bergamot... 790 

Berrieil, wjc Ba«*ate. 

Berry. STiO 

Bctel-nnt imlin.I0H4 

BcjttU or Betle-pe.pper.1032 

Biitiilinose.Bri:! 

Bliaiiff.1020 

Bicomoiis, liavinjx two 
boni-iike procrsMJs. 
Bidcittute, having two 
teeth. 

Biennial.713 

Bifarioua, umiiijte-d in two 

n»WB. 

BlBd.372 

Bifoi’ines, raithldlun cells 
with a])ertiireH at eu<‘4 
end. 

Bifuivate.‘WO 

Biftnuniaeiise.950 

BHuuute.153 

Bikh.740 

Bilabiate.382 

BiiameUar.457 

Bilateral. 450 

Bilimbi fruit. 821 

Biloeuliu*. ^ 

Bindweed faintly.. 

Biiwirtlto.872, 454 

BIppinnate. 152 

Blplnnatmd. 147 

Bipinnatipartite. 

Blporose, opening by 
round holes. 

Bii-cii.1036 

Bird-lime.8fi9 

Bird-pcpiicr.901 

Birth wort family. Bkk) 

Biseuit-root.1070 

Bisermte, doubly serrate, 


Paragraph 

the larger serraturea 
being .serrated, see Ser¬ 
rate. 

Bistoit.IWl 

Blternutc.154 

Bitter-A lni(nid.. 

Bitter-Apple.872 

Bitter-Swe<5t.INI I 

Bivalrulur. 530 

lli\eie... 700 

Bhick-AWer.841 

Black-Bryony.10.50 

Bladder-nut.839 

Bladder-Senna.. 850 

Bladder-wort.973 

Hltuie (tf )e:if. 

jllaiiching. 

Blotting.507 

Blight.093, 1120 

Blo(Kl-nM)t.BNI9 

Boanlsfor pressing plaiita.1205 

Bohim-rpas.1022 

Bolt?, the trunk of a tree. 

itonihaecu*. 783 

lUmihitx. 784 

iloncs as a laaiitm'. . 240 

iloitplandia 

Botugti. 959 

Boragiitaeeiv..958 

Boiussineu! .108-3 

Borneo-Caniphi 

jlotany, objeet tlcftned .... 1 

- y deiiartmeiit^* of.... 1 

Bothrcnchyma.10, 30 

Bottle-(iourd. 
Btaielierie’smelhod of pre¬ 
serving timber .270, 099 

Box-tree.1018 

BrtichyphyUum.IIK' 

Bract.321, .tH 

;W3 

Unuiches. 188 

Brandling of trec.s. 07 

Bmiichlets or Twigs. 188 

BrussicjMt'a’i.758 

BraxU-nuts.801 

Brazil-wiNXl. 851 

Bread-fruit.1022 

Bivad-trce.1040 

Brexiocea?. S24 

Bristles . 

Hiltain, 'Flora ol" • • • 

British plants, diatriolBon^^ 

Brocoli 

Bromclincefo.1073 

Bmoni.860 

Ui'Oom-ra]>e..252, 903 

Bmda. 947 

Bruniaccie.886 

Bninoniuceie.919 

Bryony.872 

Brj'opnvliuni.ll^i 880 

Bnek-limn.149 

Buck-eye.K(t7 

Buektiiom. 841 

Bucku or Buchu.828 

Buck-wheat.991 

Bud, leaf..180 

, floiiil.324 

Budding.181, 573 

Buda, luU?nt.11^ 

—— on leaves.. 199 

2 s 


Paragraph 

BuUl scaly or naked.I 194 

■ifaoHd..195 

-, tuiiicated. 194 

BulbUs. 198 

Bulblets. 198 

Bulrusli tribe.BKK) 

Burdock. 916 

hurgundy-pitch.1044 

luriti-palni.BM4 

Burmanniaceie.l(Ni7 

hirsei'cai.844 

ula.1050 

•ash, delined. 08 

Int-ea.850 

Bntomaceai.1087 

Butter of (-acoo.786 

— — of Canara.7}Ni 

Butterfly-weed.94^1 

Buttcr-t«*ee of Park .937 

Butter-wort.973 

Byttneriacea;. 785 

CablMigc. 7<i2 

(/iibhage-Pulm.1084 

Oubbagc-tive. .8.50 

Ouble-cane.1084 

CulMimlKiceje. 749 

Caeait-beaus. 786 

Cndtweie.882 

---^ Begitm of^. 

Cactus family .... .^^P! 

CaducmiH..360, 385 

C!esalpinie.je..848 

Cicspitose, gi’owiag in tufts. 

Cafleine.905 

Cajeput.867 

OalulMish-tTi 

Calu 

Oalanitts. 1(^ 

Calathifonii, cuiKsImpcd. 

OHintUium. 336 

Otilcur.3f!8 

Calcurnte.3(13, 373 

Calceolaria....965 

CalceoluriesB, Ket^on of...U55 

Caiceolate.381 

Cfiliculate.347, i)64 

Catluna.927 

Callus, a hai*dene<i part. 

Calopnyllum.799 

Calotitipis.943 

CaJumlai.747 

Calunibin. 747 

CalycanthiU'ete. 856 

Oalyeerace,». IK)9 

Cttlydflor*.390, 835 

Caly(?iilas, an outer calyx 
or involucre. 

Calvptra.1114 

Cail^Ttrute.366 

Calyptriiuoiphous. 

Cm1«x .. 

MS^omia of.358 

, tube of. 362 

— limb of. oaa* 

—, venation of.Sol) 

Cambium . 81 

cells. 109 

Cambogia Gutta.. ..799 

Camdlui.>«»«-793 

Camellhu'ca*, Kegioii of ...1155 

Comera-luddu..1197 

Compaiiulaceui. 922 

Caniponulatc. 
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Pantjrnnh 

Campeachy-wood...^. 

Caiii]>hor.. .^H 

of Borneo.790 

Oumptoti'oiiul...400 

Caxnpylospcrmro.....^.888 

Ctunpylotropal.40(i, r)H4 

CainpylotToix>UR.400 

CaillM’iKNl. Kftl 

Canada-BaJtuvm.1044 

Oanoda-lUee..198 

Oaualicatatc, channelled or 
grooved. 

Canary-seed..198 

Cunccllatc, haying ineshus. 

CandlelKaTy. 

Caiie-Siipir. Ji04 

Oanella....KIO 

Canker.(ft>2 

Cannabis.1020 

Ganiiabiiiea:.1019 

Catmucen*.lool 

Canoe-biivh.KKJO 

Caontcliou(*..'M9,!4.‘>, 1018,1021 
Caper lamily.708 

Capcr-s])ur«:e. 1011 

Capillah-c. 1110 

Capillary .997 

* attnietiou.207 

Capitate. fi8 

..380, 34K 

.70^1 

Capreotate, liaNiiif; teiulriJs. 

Capiificatiori .489 

Caprifollaceas.IMK) 

CapslHn.IMJl 

Capsleiiin.JKll 

.r).">4 

.S92 

Carbon in plants.212 

Carbon, fixed by lislit.28(> 

Carltoiiic ueid ^veii nfl' in 
darkijoi 

-dccoiMposcd by 

Hqiuities.289 

olt‘ by 

flowers..475 

Carbonilenuis fossils.IIHO 

Gardanion)s.. 

Caiflooii. 

Cares.. 

Caiieeiv.. 

Gariim. 

Cariiiai. 


Carolina Allspice. 

-IMnk-root. 

Carjiatlibni Balsam. 

.. 

oj^^Wnni, same us Cain 

Ca^Kdonv. 

CHnH»i»bi»re..437, 5:18, 543 

^vruifetm. 1130 

Cwrrioii flowere.943 

Ooitilafdnous. 

Caruucules. 582 

Caniiiculiife.. 

Caryophyllaeeuj..778 

-, Ucidoii of..ll5‘ 
Car>-ophyllaeeou8 corolla... 878 
. 542 


t'fomtgm'ph 

Cnscnrillu.1018 

Caseiiie, Veiucetable.310 

Cashew-nut ’..320, 84:1 

Cassava..1018 

OtUMiu.8.**1 

Cassia-burk 

Cassia ristula.851 

Cassowary-tree.IbJi: 

Cassytheje. iH»3 

Castbr-oil.I(fl7 

Oasuarinea*.10:i3 

Catechu.852 

Oatintras in Brazil.205 

Catkin. 

Caudate.54! 

Caulescent. (15 . 

Catilicle..593 I 

C^mliculns. 590 I 

Cauliflower.7b’2 

Caulinar)'. loo 

Caulinc.. lOS 

Canlis.. 05 | 

Ooillopt-CliK .1180 I C 

(?ayeiine-iK‘^. 

C(4»;alillu, same asCevadillu. 

Cedar....1044 

Cedrubiecjr.811 

Cebindine. 

Celasfi*a»‘i‘!r!.837 

-, Itepon of. 

Celeiy. 

^lell-tfenn. 

Cell-iiucleus. 

Cells. 

— , absori>ti'»noffiuidsli. 


Paragraph 

Clialaza..-405, .58;f 

^alk-fossils.1187 

Ohalk-plsuits.1139 

Olmiinelnneiea*. 

Chainau’oiw.K>84 

Cliamoinile . 917 

ChandelM!i-ti*ec.KWi) 

Cham.li:8» 

-, earlMHiate of lime In.. 227 

-- , ratal Ion In.270 

Charucejv.1128 

Characters of pbiiits.711 

— , essential.711 

— , naturnl. 711 

■ , in the natural system 720 

-, subordination in value 

of..721 

Chan-oal tis a manure.240 

ciieiidoiiium..201, 750 

(^iciniral cnminisltion of 

plants..208 

Cb<‘no^MMlnu’e:e.980 

(bierry.8.w 

Ohem-liaural.85.* 

Chervil .8}« 

Chestnut.bW 

^^liiiin Tiirjieiitiiie.84.3 

3ii<‘k-p(‘a. 0:i 

Ihiekwecd family. 

Miieory. 918 

•nettle.870 

m\ 




.102(1 

22 

Ihiiia bark. 

.OtKi 

io 

3iiretta or Cbirsuta .... 

. 949 

4 

iJhive. 

.I(t70 



. 791 

13 

’blorantbaco.'i*. 

.1029 


-, annular.. 

— —. containing; 


deiiosits In..TJv^TT; 

— , <b'vclo]»iuent of.. 

-dotted. 

.'blernial . 

, fibrous. 

- - •, fonns of. 


^iloropliylle... 

Mioeolnte. 

oi'i/ation .... 

I Clirist’s-tboni 


.19, 310 

. 78(; 

. 841 


. 910 
.lOJK! 

. 87:l 
. 379 

luohiatc'l and 
nuelcattsl... 
•, lamms. 

non- 

*» 

. 10 

11 


ru.lhiUbNUL H 1I4U ltl>{ 

. .542 


. 84 

,1084 

- tissue. 

. 4 

. 779 


. 4 

. 851 


.2, 14 

. 850 

Centunrv. 

. IM!) 

. J»47 
.1044 

Ccntrifupil . 

.;{:{2 

.031 

. 430 


.jXH 


Cemmiacea*. 

.1128 


I 

Ceraslnc.30.*} j 

Ceratopbylbiei*a*.1023 j 

CeiHial ^iius, their disse- | 
ation. 

. 88:1 

Cernnmis, pemluloiis, nod¬ 
ding. 

Ceroxylon.1084 [ 

Cetraria.1121 

Cctmrin.1121 

CeviidJlla.1078 

Chailletiaceas.1004 1 


Cbi'ouiatoineler. 071 

jClir«aii 

! (9ir> sobalaiieje. 854 

I <9nnTus.1020 

I Cientrices. 104 

I Cii'ati'ieula. 

I Ciehoraeejv ...Jil2, 914 

! Cienta.893 

' Cinchona . im 

I- •, Uepeii of.11.55 

! --- stipules of. 100 

Chiebonea*. Ut»2 

Cinelionia. 903 

CineneUyuia. 38 

(Miieuebvmatous.201 

. 994 

. 185 

Tm in Kxopens.204 

in Kiidopms... 205 


OiiiTiamoii. 


(bmmiseissile..411, ♦5.35 

(Mrenuiseri])tion of leaf.. i:i9 

M l .157,201 

ki... 707 

Cisto 

Citron.7.90 

Citrus..790 

Clndeneliyma. 

(ilasses, d<‘fined .710 

Clnssifiention, ]>rineiples of 704 
Clatbraria.A187 
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Fnrognmih 

GathratuB, latticed like a 
/rndinff. 

Gavate. 58 , 300 

Claw . 370 

01 earing*nnt. 947 

CIcsft. 140 

Gematidetc. 739 

OlcoiiKue .. 7 (W 

Oiimnte. continental. 1130 

-^ inmilar.U;W» 

Gimato and Heuaoii, tlielr 

cffertji. 1141 

Ginandrinm. 421 


Oonimelynaccce 

. 

, ]i(‘^on of. .1155 

Comitound OrpniH. 43 

Coinprcascd, flattened la¬ 
terally, loiijftliwise. 

Coinpreaiorinin. 1197 

Con<u<i)tael<‘s. 1127 

Cenc(»tate. 144 

Condenser..,. .,jJ [194 

Condnetint? Tissue. VC... 
Condnplieute,... 1 ^ 000 , 601 


JParograi^ Faragrap 

.1085 Xkalical System... 82 

5^ Coiyhurea^...1033 

910 Cor\T^.. ... 333 

cW^^mflferte.........912, 914 

Cory pMnen;. ..10^ 

Costa. 144 

Costate, ribbed. 

Cotton.29, 782 

Cotton-j;ru8&.. .1096 

Cotyledons ....lf»8, 5H<>, 5^), 599 

folding of.600 

CowiMine.893 

Cowberry.928 


Clovc-ti’ce.. 
Clover. 


, 779 

Coiieni’hyma. 

!!!!!..”.!!!."!!ii 2 h 

Cow'-plunt of Ceylon.... 

.... 975 

. 850 


. K 5)3 


..,.1022 

. ItM 
.1112 

Conical cells.. 
- 1 * 001 .. 


Cow-tree of Demcrara.. 
Cow-wheat 

.... 945 


Giib-m<»ss family 

(y 1 ul>-s}mi»Ml. 58 

Gnsiiieca*. 798 

Cluster. 33 ;i 

CliU 4 tei‘ed . 650 

Gyiwate, in tlic s 1 ia]>e rt' 
im<’kler. 

Coal. 1179 

Coal Ki»oel», eliniiiU* of.. 1185 

Coal of Hnmus. 25 H 

Coea. 80 JJ 1 iuons. 

I Contorted . 124 , 


TiTiis. 747 

. K4iineal-(^y<. 

Cot'lileaiifonn.373 

GH'kseonib. 985 

Coeo. .._^.109 1 

CoejMiut l*alm. 

Copoji..78(» 

Coeoiiien*.!0S3 

C<Hldington leiis.1193 ; 

Guieiji. 75»; j 

C<i'!<»s|ierin;v... K8S | 

CoITt-e.(M>5 ! 

Coir-rope..1084 

Coleliieise.107" 

Coleliieia.1078 

CoU’liiemii.I07K 

Coleorhizu. 127 

Collateral.47 

Collecting hairs.5J», 453, 499 

OoJIetling of plants.1202 

Colleiieliyma.. J3 

Collomla.953 

Collinn . 119 

Colocynth.872 

G)loinbtt, see CaUiinbn. 

Coloquintida. 872 

Colours of plants.671 

-of epideniiis. 49 

-— of dowers ill differ¬ 
ent onleiS ...684, <»85 

-, changes in.. 68.*! 

autumn.67’ 

-in a gar<len.<58<» 

-prevailing in <‘or- 

tiilii amntries ...1150 

Colouiing matters. 

Colpenebvnia. 5 

ColtsftKit. 917. 

Colunil >i nc... 7." 873' 

Columelliu..’?!!^MW2 

Coluiiie1Ua(‘ea>...930 

Columna, column.400 

Columnar. 

Combretaeese...8G2 ' 


Ooiiife.ra*.1042 

(k»niom> cotes.1123 

Couiotliultime.at .1120 

Conliim.8tt3 

CiiiOusratioii. iVi 

Comiariu'eie..77«J. 

Connate.ItW 

.4t)5, 408 

140 
354 

CoiitniveiTsi.nWl 

(’onniilarieie.1075 

.185, 355 

Coimi^TOaecs’.95.5 

<Joi»alfera.851 

Copuiva.851 i 

Clipper in plants. 2251 

(>K|iii1l!i-niit.1084 

(5orfd-tlo\ver..850 

Coralliioi.1125) 

Corallini^-root. 12‘ 

(5tirenliun. 

....I.jO, 374 

Coriaceous, having the eon- 
sisterute of leather. 

nidcr.. 

Joiiariaceie.. 

Cork. 85 

•tdlsof... (J 

>rk-onK..1087 

CorUy layer of liark. 

niiny^..70, 195 

Cm^BIrenu'.1105 

(kmiaceji!. 896 


Htgulurlty in.387 

irregular in onoiK}- 
tulous or giunoitefi^ 

, iiTegular jiolyiKsta- 

Iniia.379 

-, regular ino nt^tar 

loua or gftnuipetaldffl'i.TfT'iMlo' 

-, regular }»olypetulous 378 

Corollitiora*.39(), 897 

Corolline hairs. 61 

Corona, ituwii.U184, 9-12 

Corpuscles of Brown.510 

CoTTiigated, wrinkled or 
sliri veiled. 

Coredean Moss.. ..1130 

Cortical Integument.. 92 


CinnbeiTy.928 

Oranes-bili.....816 

G’uiMj-paper..1021 

Crassulact^a^.880 

Cremoearp .....5;(3, 5^ 

C'NSWSWeu*. 950. 

Cn* 

Ci'ess-w(»rt family.758 

Cn*sto(l.372 

Ctis)>.374 

Cristate, see crcste>il. 

Ciwiis. 1066 

Cn)t on-oil.1017 

(!ro\vhern'.lOIH 

Crowfoot family.7.‘18 

Crown-Impeiial.1076 

Ciwn of the root. 70 

Giieifera*.758 

-^ Ib'gion of,..1155 

Cmeifonn or Crmdate cor¬ 
olla .378 

Cryptogamlc lU'production 492 
Ci^Ttogaiiioiis plants..a23, 1104 

—‘-iiegion of..1161 

Crystals in cells. 18 

Cuheliiu..ltK»2 

Ciiliehs.. 1032 

ekoo-pint.. 

Cueullnte, like a hood. 

Cneumlier. 872 

Cucumites.1189 

Omnirhituctcai.871 

Citdliear.1121 

» i. 6i 

vation, its effects on 


150 

Cunoniese. 885 

Cup»inoides. 

CuppimsiiiCMC. 

Cm. 

Cnpulifem*. 

Cmvuma...106() 

Curled. i/l^ 

Currant. 884 

Currant of Australia. 929 

Curvembrya*. 960 

Cum'uteap. 955 

Cuspidate. 872 

Oospis... 372 

Custard-apple. 745 

Cuteh, same os Ca te^i 

Cuticle,. 
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Caticlo of Petals....SwV 

^’onic series of c^urs.679 

Cycadites.1187 

Cyclamen..... 975 

CyclanthcR*.1988 

Cycle.171 

CyclogenB..„... 77 


Parafiraph 

Dialypetalons, same as 
Poly])etiU(ms. ^ 
DiaUn>hyPoits, same as ' 
Pofysepalous. 

Diandrous. 394 

T)iaptm»deie.BtH 

Dhistnse.~..807» 310, 621 

Plataxis... 704 

Diatoinaccie..1128 


CyelosU........201. 2&i DicUlamydaoiui........ SKI 

CyUndi'enchyma....tr?;^'6 ' tons. iH),m 


Cylindi’enchyma 

Cylindrical. o 

Cyrabiform.373 


.339 

Cynaroccphulie.912, 914 

Cynarrlimlum.....641 

Cyiicnujcsa}. 

Cypress. 

CyT>ficlo. 

Cyitundrea*. 

(^stidia..... 

Cy«ls. 

Cytinacc®. 

Cytoblast. 


Dadoxylon.. 

Da‘dalrnchynia.. 

Daffodti. 

Dahlia. 

Danimara...1044 

Dana^'a*....IIOJI 

Dandelion...918 

Daphne..1002 

Daphnen^.l(K»i 

Damcl-^n^ss.1101 

Date-palm.1084 

Date-piiim. iW 

Datisem'ca^..1012 

Datura....961 

Day-JUy.1076 

Deudiy-ni^htHhadc.9<i1 

De Ouitdollo's System.728 

Decandrous.394 

Deciduous .... ..36<», 386 

I'rcea.M.- 20.'i 

Decllnatc.420 

DocomiKmnd.162 

Deourrent.16 

Dccujwnte.16 

DoduplicMtioii....J483, (>64 

Definite Infioreseeiice. 

■— -— vaM'ular bundles... 91 
Def<»liation, the tail o1‘le4iVits. 
Deaeueration of Orjrans.... 651 

Dehiscence..410, 530, 582 

A||liii|£ii^ruits ..rf>i)0, 532, 54<i 

...740 

.146 

..1044 

DepositN in (‘ells. 15 

I^resMMl, datUmed from 
Aove dovmwarda 
Desinidieie.1128 


.^188, (t48 

Picotyled<mes.736 

. I..71, 590 

.101,1(»48 

]>idymocuTfK‘».960 

Didyinous, two united, tnin. 


.J(M14 


.283 

. 950 

l)iK(rcr.. 

. 380 



.9fir 

. 20 


.JMti 

.IWW 


148 

If 

....22, 25 

WPlfl^Plrtite . 
Digynons, having tw'< 

148 

styles. 

. 


Dill.- 


.-...1184 


.741 

. 5 


.1189 

.1071 


.643 



.1114 


Dinoinic.manfi— 

Dhcc JWV®, 7Pi 

Diomea....664, 771 

Diositon^cie.1049 

Diosniea*..827 

Dipctulons..375 

IMldccololKiiC.759 

Dijdoe.. 137 

IMplosteinonous.3i>2 

Jhpsacacere.9<Hi 

J)ij>tcrocariMice. 2 c. ^ 

Dipterous, Imving two wfnRS. 

Idwi. 1056 

Diwdiidia.943 

Disciform. 

DiK(M)id.75, 911 

Dlscostatc..144 

iases of idants 
-im.wc!ition of. 

- caused t>y funfd 

-catLsed by insea 

Disk. 

1>is)>emioiis, two-soeded. 

1)is8(ict(Hl.148 

Dissemination of plants ....1142 
— af^nts employed..1142 

Di^)lim|iit.. 439 

=HHHI^^*purioua.447 

Ditudllent..63J) 

Distaehyon, havinfftwo spikea 
. 170 
. 409 

Distribution of plants over 


699 


. 428 


Desinodiuiii, Movements of 663 

— endemic.. 

.J143 

.405 


.aw 


.828 


.643 


. 359 

Dlat'hvma. 

.137 

Divi-divi. 

.851 


.399 

Dlvi»dons of Ve^table 


.588 

Kingdom. 

.723 


Farapmph 

Dodder....252, 956 

Dodecahedral. 5 

Dodccandroua.394 

Dogbane family.944 

Dog-tooth Violet.1076 

Dolabriform.160 

Doom-}ialm..99, 1084 

Dorsal-snturo. 4^18 

Doi'siferous ferns...1108 

I)orKttmiH..M..1021 

DottedcelJs... 11 

-vessels.. 35 

Double cocf>-niit..1084 

Donbict.....ai92 

DoH’iiy, sec Pubescent. 

Pracicim.....1076 

ItmgonVblood.1084 

Tirainlng..616 

lirifhMl plants.1186 

Drtiuys...74^1 

l)ro.s(*rjicete......770 

Drupucca*...854 

.A.545 

i.545 

.plants.12W» 

Di^'-rtit.697,1126 

]>iicku'cc<l...1091 

Duets, closed. 34 

xrofWTDara.9f51 

J>n ^ 

Dimib-cmie.lOol 

Duinosc. t)H 

Diiinus. 68 

lUimbility of licartwtKKl... 78 
Dimmu^.. 78 

Durmast..1037 

Ihiira.D>8 

Dust-brjmd .(59*1 

Dutch l£ec<l. 

Dntch Uuslics.1107 

Dwale.961 

Eaglc-wmid.1003 

Knnwklcs. 700 

Kurtli-nut, or J’ig-niit.890 

EbciijMK'se. fW;} 

p:iiOiiy.78, 8.60,5«3 

Ebracteated.345 

Kgg-Hindc. 961 

Klirctiesv..5»58 

Eheagiia' 

KiaMKrunteO!. 787 

EUeodendreu).837 

KlaU^rium. 872 

-, bursting of cui)- 

sale (»f.. 27 

Elater.s..1116 

Klatiiiaceai.777 

Elder.. 901 

Elecampane..917 

Electricity in gennination. 614 

Elenii. m 

Elephant's-foot..1050 

EllilMoidnl. 5 

Elliptical.160 

Elm...1020 

..150, 372 

!(lt}'ledonou.s.^1 

development of... 502 

-, dh'otyledonous... 597 

-^ direc'tion of its 

l)artH during germination 624 
—— fijnuatimi of.686 
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J'aragraj’h 

Embryo* of.. (F^J 

— —, inonueotylodon- 

OU&. i>94 

- jmrtH of. .r>90,592, fi9:J 

— -iK)lycotyltMloii(nw 55W 

-, ]Ki8itiuii in WSt' '• 

800(1.6(K1 

-, ]>HCU(]o>mon(xx>- 

tyludoiiouK. 598 

-.fixed. ISl 

Embrj'o-bmls. UNI 

Embrj'o-sae.4 <mI 

Embr.volojf>'. 60X 

Emi>ryoiiU* vcwele. TrWi 

Embryote.*fu.688 

Emctfn...799, 904 

Eini«*tnu'e4\s.1014 

Emulsine.810, 

Kndoniic (UatilbiiMun of 

]i1ant8.1145 

Endive. 9IH 

Eildlieiier'HSyRtoin.7.W 

l^dyam^.524 

. 498 

Kndotroiiio. 1047 

EndotfeiiitoK.;tll8f 

]^|lu|E|^um& or inoiUK’oty - 
^^^^BPR(;ni..71, 91, 14, 107 

-—, nnomaloiiK .... JOI 

-- - , iM‘}ine)iiiij[r .... 99 

- • —, subterranean... 100 

KiidophUeiini.H2, 88 

EKdojtleura.578, i380 

Eiulorhixal.127, 028 

EudoKnioiiiet(U'.254 

Endusnukstf..27, 264, 255 

Emlos]>enu .587 

Eiidospermic. 5K7 

KiidostoiiK*.4<4 

Eiidotheeiuni . 4iKi 

Enervls, without \eiiis. 

Euenndrous. 814 

Eunoblln^ fruit-trees. 574 

EiiRitbmi. 150 

Entan};led. 5 

Entire.. 140 

Entophytle. 

Envelop(»i of the fiower.... 851 

Eot^eue .,.1170 

Epacridtieea.'. l»2t» 

-Jiejtrlon of.J155 

Epiblema.47, 120 

Eidetiivx.8<4 

.524 

_ID.... .1050 

■crmis .. 45 

L ai>iMmduf'esoC. 67 

( cells of. 48 

> colour of.. 49 

-, fiinetions of... 64 

papiltieof. 57 

silica In. 49 

, toxtun^ of. 49 

-, wax on. 49 

]!^)/;:cal.629 

.890,449 

. 390 

£pl]>}d(£am.82, 85 

Eplphra/Tin.1114 

Epiphylions, growuif; on & 
leaf. 

Eplpli>'te&.121, 261,118.9 

Epip^c.281 

Epirrheo^y.llM 1^11^ 


Paragraph 

Episperm.. .578, 679 

Eiiis]X)re, tin; miter cover¬ 
ing; of some sjiorcs. 

EldtheliiU.463 

£i)itiicUiuji. 

Equal.^ .T hv 

Equisetacese.1106 

Efiulsetuxu, fossil.1187 

-, silica In ...... 226 

f. m 

-, ovule.471 

Erffot.69ti, 1101, 1126 

Ericacese. 92t> 

Eiioeuuloii.1098 

Kriogoiw.o .itOO 

Erose, I>ltten, irnaweil, or 
ffularly toothed. 

Erythro|)i»)'Il<*... 675 

Erythroxylaecje.802 

EsealloiiiOie. 885 

-- Ue^jon of..1155 

EseliKcboltxia.756 

Esseuecs.. 817 

Essential organs of the 

(lower.*151 

Et;eii«>. .545 

I Eucalyptus......*..H67 

I EuoiiyiiM'ie. S'*!? 

i Kuonynius..888 

j Kuphorldact-a*.1014 

I Kupliorbiuin.i0l6 

I Kveniiia I’ninrost*. 86H 

j Kver^iven Oak.HW7 

Kxnlbnndnons.587 

K.xannulate Ft*nis. 1108 

j Kxwntrle.608 

I Kxcumuit, i'unniiig^out Ik^ 
yuiut the cd;;(i or isiiut. 

Exhalation...2(4 

' Kxintine......4^ 

' Exop^nw,..•J[36 

' ExQ^mmt^t(‘in. 

... 956 

Kxorliixui.126, (»2t) 

j Exosniose. 27 

ExostcTumu...903 

; Kxostome ..4(4 

I Kxotiieeiiiu).408 

! Kx])ansion of flowers.881 

, e.entrifuffal.882 

'-, C(Uitripetal.881 

I Kxserted.417 

Kxstipulate. 158 

E.xtinc.422 

Extra-axillary. ....196 

Extrurius.. 'TWU 

Extrorse..412 

Eye-hri^ht.965 

Kye-pl(^‘^.ili^ 

EycB of potato... 70 

Faba(H!a‘.847 

Fairy lilu}.^.1125 

Fah^te or faldlbrm, bent 
like a sickle. 

Fail of the leaf.205 

Fatse-lmrk. &i 

-Trache®. 35 

FiUsdy-diiK'oid.911 

radiate..911 


Fim-PalQi Is Coiypha. 


Paragraph 

Farinaceous. 588 

Kuseliited.197, 327 

Fascicle...3SW 

Fascicled.GfW 

Fa.seieu]ute... 175 

Fasciculated.114, 125 

! Fasciculntion of branches.. 190 
I Fustiftiiih'. having a pjTu- 
niidul form. 

i Faux. 877 

Feather-grass is Stipa pen- 
nata. 

Feather-veined. 144 

Fenthery.8(55 

Fecuiidatioii.49(5 

Fmila. s(^e »Stureli. 

Fenestrate.138, 555 

Fennel.890, 892 

Fenugixjck, a 8j)ede«^it^^ 
IVigonella. 

Ferns...1108 

-, fossil.JI80 

— •, during coal epoch....1J85 

j Fertile flowers. (549 

Fertilization.496 

Fescue-grass.. 198 

Feverfew.917 

Fibre in cdls. 11 

-, ill sidral vessels.. .*5*1 

—, woody. 2!* 

Fibrtne, vegetable.. 310 

j Flbi-oas cells.. 11 

;-nwd.12.'» 

' Fibro-ccllularl’issue...... 11 

; Kibro-vascular Tissue. 81 

I licoidca'i. 881 

i Ficus..1021 

-, llcgion of.11(52 

Flddle-slmped, see l*aiiUu- 
rifonn. 

Flssiis, 

Field-book.1208 

yiS .1021 

Fig-Mort.965 

Filament. 5595 

— ‘ —, adhesion of.. 399 

-- form mid structure 396 

1 Filbert, see Hazel. 

i Fillcus.1108 

j Ftltfonn, thread-like.45:1 

j Fhnbiiutod. 

Firs. 

I Fissiiiurou&.490 

Fistular... 164 

Flabellaria.U84 

FlutKiUitbrm, fbn-shaped. 

Flacouitiace®.76G 

Flagellum.191 

Flax..29, 818 

—, New Zealimd. 29 

— , Pita. 29 

Fleshy.588 

Flexuons, bontinazig zag' 

launer. 

Flood, woolly filaments^ 
with sporuli^ iu fungi. 
Floi'cose, covered with 
wool-liko tufts. 

Floral axes.325.827 , 

Floral calendar.481 

-clock or w'atcli.483 

Floral Envelopes.351 

-^ development of 386 

—, ftmctioiikof.*, 473 












































































































































630 


INDEX AXD OLOSSABT. 


Paragraph 

Floral leaf... .324, 

FloretHL. 3H2 

Floridea}..1128 

Flosculoua...211 

Flower....350 

-, position ita 7 »irto 357 

Flower-biids..324, 354 

Flowerin}^, period of.478 

mode of accelerat¬ 
ing..479 

Flowming-asli. 94F 

Flowering plants.323 

Flowering-niali.. 1087 

FlowerlesH ]»1ants.323 

Fln^a of plants, siHxdui 

movements of.276 

FoUaceous...359 

FoUola..145,161, 358 

. §47 

Faraley.893 

ftcA.4({4 

Forked.406 

Fossil Botwny.1170 

plants.1170 

—.—tliclr structure..1171 

-, state of iweservtttion.1171 

- —, arrangement of 1172,117^1 

-tlieir numker.1177 

- of Carboniferous sys¬ 
tem.1180 

■ I . of Secondary Ktrata..llS7 

-of Tertiary strata.. .1188 

Fossllifei'ous strata..11~' 

Forbiddeiuihiit.790 

Fof^t-TOO-m>t.}>59 

Foveatc or FoveoIat<s iiav- 
ing smaU pits or depres¬ 
sions. 

Fovllla..: 423 

-, its use ...504 

Foxglove .965 

Pnmcoe-'c.880 

Frankeniacese.770 

Frankineoiise.1044 

Fraxincie..940 

Froncli Berries.841 

Friar's-balsam.932 

Fringed....372 

I'lltillary .1070 

Frogbit fiiniily.10.55 

M .... . 111 ^ 

fleution, the parts 
composing the fhiit 

Fruit.620 

-, changes during its 

fnrmatlon.522 

part8w]iid)formit6iW,527 

-^ maturation of.501 

-how accelerated .... 508 

Fruits, analysis of.506 

——arrangonient .... 660 

— ■ , preserved..1209 

Fratex, shrab. 68 

Fruticose. 68 

Pu8£“!!!!!!!!!!!!;;!! W 

Fuller's Teazel.. 908 

Fulvous, tawny-ydlow. 

« Furaariaceaii..767 

Fumitory &mily..757 

Jj'ungl. 1122 

-, causing discaaes ... .1126 

-^ edible,.1124 

—in cutaneous disuasc..U26 


Partigraph 

Fnngi on caterpillars..1126 

-^ phosphorescent.1125 

- , poisonous.1124 

Fungus mditenius........1103 

£nn&ul^, 402 

^Rnerinaped, see Inhin- 
dibnliform. 

Furcate, forked. 

Furfumceous, scurfy orscaly. 

Lonis tiuctoria* 

Oalacieie.. 880 

GtducUodeiidron.I02l 

Gulangule.1060 

(Talmdhus, Suow>dro]> ....1070 

Oulbanum..891 

Gulbulus..559 

Gale.1035: 

Gulcato.301 

Galica;. i)02 

Galipca.828 

Galls.701, !(tt7 

Gaina-grass.1098 

Gamass or Squmiia^.|070 i 

Gainhoer.....itO.5 j 

GainlKtge.79it 

GumogastrouH..^ 

Gaino])et>iluus..^ 

Gamophyliouf^.358 

Gnmosc'ptUoim.358 

Gangrene.092 

Garlic.1070 

GaiTyaccJC ...HHO 

Gases, their etfccts. 292 

-■, irritant. 2£® 

- ^ nan'otU*.2OT 

Gastcromycetes.1123 

Gosterotlialumcie.1120 

GeisKolomcft^.1000 

Geminate, tuin, flowera or 
leaves produced in pairs. 
Gemmoi, leaf-buda 

.X84 

.. 

(renera, dettiied .. 

tieniculate.397 

(rcntianaceoi. 948 

Gentian..mo 

Geo-Botany.IIP 

Geotfroya.850 

Geography of plants.1131 

—InfCuence of external 

agents on.11.32 

-of tcinperatun^.. .1135 

ofmoi^re.1138 

Geruiiiaccic.815 

vc^ede.510 

Germination. 608 

Germination, acoty]edon> 

oiui.029 

- chemical changes 

during.021 

- dicotyledonous,. ($28 

-, lengUi of time re- 

qnir^ifor.6$)2 

-monocotylcdonous.. 027 

-, progress of.622 

- ^ requlsih^ for.608 

Oesneracea:. 925 

GibtKius. 373 

GUliesiaccas.1079 

Gills. U23 


Paragraph 

Ginko.10^ 

Ginseng... 

Glabrous. 60 

02 

lenticular. (>1 

nectariferous. 03 

sessile. 02 

•, stalked. 62 

-, vesicular. ($.3 

Glandular hairs.01, 02 

Glandular woody tissue.... 30 
Glmia. . 544 

cflP9)ns, coveri‘d witli 
p^e green bloom. 

Giobc-amuranth. 

Globule, in Ciiara.427 

Glocliidiatc. 58 

(ilomenilus.3J}« 

Glossology. 704 

(illK’OHC.J$07 

Glumacne. ..1094 

Glumella*. ..a...j[09 7 

GUuncllul.v 

Gjumes. . 349 

TPSfliln..310 

Jlycyrrhiza. 

liietucca*. 

Toldhiasia.... 971 

fongj'li.1110 

fOOdciiiacca’i. tKW) 

GoosciK*rry. 884 

Gossypium .. 782 

(h)ur<l. 872 

Graft.5($9 

Grafting. 609 

-, views of Knight 

regonliiig.571 

- . (llfteruut kinds o^ 

672, 573 

-, its effei'ts. 674 

Grains, ccretd.1098 

(rniins of Paradise.1000 

G raiuinea*..1097 

<iraiH*-.sugar.'9>7, 814 

Grasses.1097 

- ^ Uegion of.1101 

—-ft)r Pasture.198 

, fistular stem of. 

Grass of I^irna»ms. 771 

Grai«-tm;.1070 

Green colour, elhutts of 

light on. 

Green ctolouring matter oi ' 

plants. 

Greeiibcurted-tn 

Gre*en snow.1129 

Grefte dcs Glmrlatana.609 

Greiiadilla.. 876 

Grevillea. 998 

Grcsmulariacew.884 

Ground-nut.8.50 

Guaco. 9J7 

Guaiocum. 820 

Guano. 

, analysis of 

kinds. 244 

-, British.246 

Guarana. 807 

Guava. 807 

Gu<ddcr Hoi^.901 

Guernsey Idly, is Nerino 
samieusis.lon 
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i’arnfrra^ 


<]mii-Arabi(;. 802 

<ium-J >mgon. 850 

OuTn-Iue.800 

Gum-tm; of New Holland.. 807 

Gunjah.I020 

Gutbi jKTcha.‘118, 007 

GutUfene..708 

Gyiniiotfciis.702 

Gymnosvennuj.1041 

GyinnoRin-nuous. 07C 

Gynandrons. 400 

GynixtiM.400, 458 

GyuoIi« 

Oyncreium.42» 

Gynopliore.4^3’ 

Gynostciflnni. 042 

Gynostumiuiu.4oo 

Gyrat(s...040 

Gyratnin.275 

Gyi’OuuiTK'a*.H<»2 

Gyragonitea.118.9 

Habitat..713 

Ha‘nmt«xylon.851 

I ia.‘ f nudoracea*.1068 

Hairs.. 57 

—, divulatiou in. (4 

• —^ txjlleetiiiif.59, <4 

-, eorolliiic.. 01 

- of cotton. 59 

of cowitch. 58 

- —, functions of. (4 

—. U’lnnilnlar. 01 

—, iiTitabU*. 58 

—, irritant 58 

, lym]>batlc.. 01 

, iH'taliiic.070 

raiticiil. 01 

•, rsiuiciitnccons. 57 

, rcrructiU*. 59 

Jhiiry. «) 

HallJcrtH^InnuMl.. I50 

Hulf-c(|nitiint.. 180 

Haloi»liyti‘.s.228, 987 

H«lorji*ti*»icoiv.809 

Hunnuiiulidm'uiv. 

Hand-plant. 

Hare-lioll family. 922 

Hare’s-foot tern.. 1110 

UasehiscOL.1020 

.150, 074 

L*ad stems of lierbs, 
as of the potato. 

Hazel.1007 

Hoart-shuped.150, .* 

Hcart’s-eufa-!. 

Heart-wood. 78 

Heat duringtioweriiig,... 47. 

Heath.927 

Heatbor.927 

Hebradeiidron.799 

Hedge-hyssop.9135 

Helicoidal.340 

Uelictcrete.788 

Heliotrope.. 959 

Heliotropiete.958 

Heliebori% white.1078 

Helloboreai.789 

Ilcllcboms.740 

HclwlDi^Hcea}.1040 

Hemerocallideai..107r 

Hemicorp.543 


Pa««7roj>5 

Hemidcamus. 943 

lleniloeU.^ 

Hemp. 

-, fibres of... 29 

-, iiulian.. 

Hcnimiie.9C1 

Henfrtiv on Cj’togencsia .. 2J3 

licnini.'.. 858 

Heiislow’s comparative j 
view of different natural 

f^^stems.734 

Hepaticje.1110 

Hei>tai)di*mis.. 894 

Herbawous.359 

” •rlnirium.1208 

H<*rbs, detiued. 08 

Henimphnulitc.088, 713 

llcniandie®.JOfU 

Ues|)cridiuni. 552, 

il<‘lciYK'e)>]iuloua.911, 914 

lIctcnK'liromous.IHO 

IletcrcHlnmious.. 173 

lletcnigaimms.911, 914 

llcteroiiilzal.128, 029 

Hcterotropal.464 

Ile.\agoniil.. 

ric\iigoiiicri<‘byina 

Ile.Yaudruus....'..391 

lk'xai>etalous, with six 

jK't.ll.S. 

lliatUN. 381 

llilK'niacula. 1^ 

llihk "twI 

llickorv’-imt.1039 

llightea.1189 

umjtn.41^0 

n^^llratcyicca*.^>1 

IM»*sntc 
Hirtits... 
llfKiad.. 

Histolog>.. I 

Hog-plum.843 

Holly.9:15 

liol1yh(x*k. 782 

liomaUaceie.1000 

Komoehromons.918 

lIomodroiiKMis. 173 

llomogainouK.911, 914 

llomotrupul.003 

lloneysuckle.901 

Hooded, si;e Oucullate. 

ilooked .. 58 

Hop.1020 

Horehonnd.907 

llombeum.* tiAlZ 

lloniwort family.. t .. lolo 

Hom‘-cbestimt. 807 

uUsh.702 

tdish tree.853 

lloi’se-tail family.11U(> 

■Icfrtus siccus, same as Her¬ 
barium. 

Hottentot’s tig.881 

llouseleek. 

Iloya. 

Huauuco-bark.908 

Hiunitbse, spreading along 
tlie ground. 

Humulus.1020 

Humus.212, 234 

Hungariau balsam... 1044 

Hura.1010 

Hya-bya.. 

ilyacintli.1076 


yaragraph 

Hyaline of Barry..lo, 22 

Hyliridizution, ns regards 

limitation of STKxaes.519 

Hybi-ids, pi-oduetion of.. 616 

Uydrangeje.885 

'lydrocliarldaceie.105»5 

Hydrogen in plants..214 

. sources of.. 214 

j ]lydn)phyllaeen^.9ii4 

Hymeiiium.1122 

HjTnenomycetcs.1123 

Hymenophyllea*..1109 

HymcTiotbalamesB..1120 

Hyoscyamia.fK»l 

Hyoscyamus..901 

Hyi)anthodium..380 

Hypcricacete.797 

Hyphomyceles.1128 

H>T>oc>in»ogean.. 607 

Hyjiocliilium ..., 
Hypoeratcrifomi..TT^TT8Wr 

Hjliogcal.629 

H9fl 

1072 

HyiMwmctrical.1137 

Hyssop.967 

Hyssop of the Bible. 704 

celand Moss.1121 

ce plant.881 

cosHndi*utis, havingtwenty 
stamens. 

diotlailumcic.1120 

guutia.. 

llicinci 

Illecebrejc. 879 

Illicimn. Tt^tW 

.183, 35r 

vernation.180 

Impari-pinnatc. 153 

Impregnation, \aiioasviews 

of.603 

-, summary of opinions 

regarding.. 515 

InutY'bing... 

Included.417 

Incuiiibtmt.<501 

Indetinitc, 00, or od., ..472, 713 
Indefinite inflorescence.... ;j:i8 
— vafiKoilar biuid 


jnena^WRs... 


Indian-Ugfiunily.882 

Indian Hemp.1020 

iudian-Kubber, see Cautit- 
cliouc. 

Indian Shot.1062 

Indian Tobacco.924 

Indigenous, a native of a 
country. 

Indigo. 850 

Induplicate....1^ 354 

Indusium.1108 

Inenciiyiim. 11 

lofittjnL applied to parts 

flower..■357 

Inflated.-367 

Inflorescence oranthotaxls 324 

-, compound.332 

determinate, defi¬ 
nite, or terminal.o32 

-, indctemiiiiaie, in¬ 
definite, or axilhiry...331, 333 
-mixed.841 
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Paragraph 

Inflorescence or anthotaxiK, 

staple.881 

-, tabular view of.... 348 

Jnfiindibullform.8^) 

Innate.408 

Innovations, young shoots 

in incM4$ea.U14 

Inorganic constituents of 

plants.210 

- , mode of ascertain- 

ing their amount.220 

Inorganic Elements.208 

---—, tabular 

view of.221 

Inoi'ganic mutters, liow ab¬ 
sorbed.280 

Insects cansiiig disease..... 700 
Integer, see Entire. 

Interment, genci'al. 4d 

passages 

12 

• spaces. 12 

Interfoliar...... Igf 

Intcmodes..'TO 

Interpetiuiury. irjO 

lntcmti)fedly idnnale .... 1*V) 

Inteztiiiu...422 

Inline..422 

IntroTtas..(Hrj 

tntrorse.412 

Inuline.{«)2, 017 

Inverted ovule..47! 

Invoincel. 'Ml 

genend.841 

]>artbil.847 

IKO 

pluiita.228 

action i 
plu.sin. 

-- oji ccll-walK.2,34 

-on starch. 17 

Ipecacuanha...004 

Iridacen;. 10'n" 

Irish Mohs. 1180 

Irritability.(H}« 

Irritable hairs.. 58 

Irritant hairs..... 58 

Iron in planta. 220 

Iron-wood.0;>:{ 

Isuclieimonul.11.80 

Isoutes... ■ ni«j 

Isomeric. 

IsoniorouH, parts equal. 

IsothoraL.1130 

Isotliennal.1180 

Isostemonous.392 

Ivory Palin. l&Mr 

Ivy.895 

Jack fruit. 1022 

Jagery.1084 

Jalap.950 

JaniuicH Pepper.807 

Janipha.1018 

jMninacen. 

J^talBO 

Jatioplia..1017 

Jerusklem artichoke.. 917 

Jessamine.989 

Jesuit's bark.908 

Jesuit's drops ..982 

Jew's-raailow ..788 

Job's-tears.s....1101 

JonquUte. 1071 


Paragraph 

Jughindaeeec.10^ 

a i>uir of leaflets. 

. 841 

Juiicacea;.1082 

Juiicogineic...1080 

Jungermanniea'.1117 

Juni)x:r. im4 

Jusideu'Hftysteui. 727 

Kaluniba, see Calumlia. 

Kangaroo-gnuis.1(^ 

Kava.1082 

K a uTie-tree..1044 

»voel.a7{» 

Keg-tig..988 

Kidiiey-Khu]x;d, see licui- 
fomi. 

Kino..S.’)n 

Kirschenwussi'r.855 

Knee-joiiite-<l, we Genieulurc. 
Knots or excifstx'nees on 

stems. 190 

- how’ftmncd.. 2 «K> 

Knot-wort flunily.879 

Kmadila. 947 

Knuneria . 

r.Abcl1iiin, Up.379 

' ' ‘ “81 

Labluta>..900 

-, Uegion of.... .1155 

l^Li^..8f)2, 

iJWfnnTloru*.918, 911 

Lnbunmm. 850 

I^ftee.-bark.8;>, lOct 

. 

Laeiniuted.IfITWz 

Lacistemuc‘t»e.1028 j 

Ijicmns, same us IJtmus. 

Ivae(|uer.848 

l4fu*tes(;cnt, yielding milky 
juice. 

I^aetucuiiuni.918 

Lacume.12, PM 

Ladatitun or LalKlanum... 707 
Lsevigatns, Imvingn smm>tli 
Ijolished >ip|icarance. 

l^gursti’Oniiea*. 857 

Jjamb’s-lettucc.. 907 

Lamella'.457 

LuineilO' or gills .112 

Laiiiiaitcai...tMiO 

Lamina.88'8 

Laminar mcTitlmi. 189 

.150 

. 74' 

Langsat.810 

Lon-huu...941 

T^nnginous, woolly. 

Tuirch.1044 

{.Arkspiu*, is iNdpliinium.... 739 

Ltistreu..1110 

Lateral.f%7, 451 

.88, 41 

ITHWIrca.. 908 

Laticif(!Tous vessels.... .8^ 261 

LutifteptOj...760 

T^uracea'. 998 

- i Hegion of.1162 

l^wel.994 

Lauroccrasua. 8^ 

Lavender ..967 

Laver........1130 

Layering.19i 


Pttragmph 

Lcaf-buda. 1M> 

-, adventitious or 

abiiomiaJ. 190 

, aerial. 193 

-, axillary.187 

, extro-axillan.... 396 

iiakeU.. . 188 

, toniiinal. 187 

Jx'Hf, epidermis of..1;16 

Ixiaflets, see Kolinla. 

Leuf-stalks. 155 

Ix'Htlier-w'Ood..1<X)2 

Leaves.. 188 

atomy of.. 187 

anuinulous forms rdf 162 
arrangement on the 

stem. Jo*}) 

- , .. los 

-, c»>ini»mnd. 15j 

——, deciduous.. 140 

-, divergence of.. 171 

-, eflVetson the air... 284 

-, evergxtsm. 140 

, fall of..205 

-fistula r. 164 

-, floral.KW, 824 

■■■*- — , fonns of.14.5 

-, fiuictions of.20J1 

-, ill acotyledoiis...167 

. in monwotyledons. PM 

-, ill dicotyledons.... 165 

-inflneiuv on the 

cireulation. 271 

- —, T>riimmlial. 168 


-, rumal.168 

minol. 168 

-.simple. 145 

-.skeleton. JJW 

•-, siilrai iUTuiigument 170 

-, submerged.138 

-, useful in funning 

wood.117 

Jx'cotmpal.466 

LecythideH'V. 

IxH'cliee, sec J.itclii. 

lx*ek. 1076 

IflQflnffiRe.8I0 

Legunnnosa‘.».847 

-geogruphieal 

distriimtiou of..848 

lAcmon.. ...796 

I<cnion-grass . ... llw 

Ixinscs...1192 

Leiitibulailaceje. 972 

Lenticels. 63 

Lenticular glands. 68 

Leopard's banc.917 

Lepidocaryime.1083 

Lepidodendron.1181 

LejiidophyUain.1181 

].<cptoi^nneai. 866 

I^pidostrobus.1181 

Lepidote, se^y. 57 

I.iCi)is, a scale. 57 

Letter-wood.3 0^2 

Lettuce.9J8 

Lianas, or lianea. 66 

Lilicr.. 88 

Uchencs.....1119 

Liehcnin.392,1121 

Lichens.1119 

-, Uogion of.. .1162 
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Ikarnpraph : 

Lid, see Opcwulmn. i 

LiclwrkUhn.11{«> 

Lif(M>fpla»to,it« duration.. ()H8 
Li^id, 08 att'i!<ttin^ pltintti...ll40 
—, etfeets on flowcra.... 480 
cffttctfl on rcApimtion 2.S-t 

- —. ottectHofdiftui’cntrnys 2SM) 

- ■-,<‘ftetttsofdiffemitniyH 

on the (tulour of iiI{intK.072,fi7J» 

. UMtO 

Lijj^ieons tiSHUt 

Lipiino.10, 308 

Liffnum-vit^ mliuc as 
Guaiuouni. 

.382,911 

LiffuHflorar. 913 

JIac. 941 

.liliiU'cae.lOi 

Lilluni.,.1070 

Lily of the. Valley 1rHK‘.;:'.t07.'5 

Limb of loaf.. 139 

petal.370 

Liine-fiiiit. 7JN5 

Lime in plants.227 

toils. 

-i phos])hate of, as u 

umiuire ... 240 

LiiiuMivc Sillily.787 

LhiuiTa;..817 

Linaiia. 9(w 

IJiullcy’s syatein. 731 

Ijneur...L'» 0 , 371 

Linen. 2{> 

Lliitf.. 

Lhiiuen. IMH 

Liniijejm system. 7J.'» 

_. - —, its in]|K‘i‘~ 

feetioiiK. 71^ 

LhiscHNt. 81 s 

Lip.379 

LUiuidambiu'.1033 

LiflU( 

Lirellie. •••UJUl 

Litelii fruit. . 807 

Litmus.....1121 

Liatml's-tml family. KkW) 

I»a8aee)e..... 

Lobed. 148 

IjObeliaeesv. 923 

LooUitiuH or stations of 

plants.il39 

Lf^iliimeuts.440 

^UjnliljlfbA. .M2 

coeusW^R.KW), 8"il 

Loeiista,. 

.105>7 

.. 

.831 

ntu’eac..700 

ntoceous ..{>W 

London A‘tdt.807 

l^ioiti'ete.9(K) 

Luoscatrifo. 

Loquat.8oo 

IxiranthaceeR. 898 

Lorico, Biunc as Testa. 

Iiotufl.......841 

Lotus of Egy]>t...... 7r>3 

Lovc<ap)>le.901 

Love-lies-bleedinf(..985 

Lucuru...850 


Parapmph 

Luminosity of plants.009 

Lnpulin.I(ri0 

Lydniopliora. 917 

Lycopode....UI3 

LyeuiXKluieetP.. .1112 

LycofaMlites..1)81 

Ly^mulendnin.1184 

Lyinpbntic hairs. 01 

]47 

EPraceae.857 

Mae^ihuba palm.1084 

Mace.5HJ, 990 

Mm‘ro|KKlou.s.595 

Madder.90r» 

Ma<lhiteu tn^e 

Mu«Iia.917 

Alaifnoiiuee.i*.742 

Magnolias, Ibijrion of.Jl.>» 

Malincany. 812 

Alaideii-liair fei*ii, is Adi- 

antum.1110 

Alai7.e..1142 

Malesherl»ie.a'. 875 

Ataie-shielU .i 110 I 

Maiieorinm. 

Malhnv family.78] 

MaiomlK) l>ark.8^12 

Alalpi^liiueoe..803 

Alalvaeoje.781 

Mammee .Apple.79!) 

. 1010 j 

Matidnt^itru.!N>I i 

Mandrake. ‘>8)1 | 

Mantranese in plants. 229 ' 

... 843 

Maii^o.84^1 

MaiiKold-wur/.el.^987 

MaTi);ost<‘en.7!)9 

tfrove. 800 

Muniliot.1018 

Manioc.1018 

Munna.807, 941, U^44 

of Mount Sinai. 775 

Manna-Ash.941 

Maiinti-Sufrur.3 (h; 

Mnunite.'MKi, 941 

MantelHa.1187 

Miuiuras, n(*tiv<‘ inj^re<lic‘nts 

of.24J| 

—, aminonlaeal.24^) 

-application of.,.. 240 

-, (‘ompaiutivc value 

of. 242 

— —, exiKtiimentswith 249 

-.liquid.248 

—, natmtil.241 

— -, simple.241, 24t» 

Manuring with p:reen crops 247 

_ -ijt-H woeda.. 247, 

Maple. 

Maple-sRKar.306 ' 

Manuitmteic.1001 

Marasehhio.855 

Mai'cem^nt.307 

Marc^‘aavlace4e.. 800 

Manmajitica:.1117 

MareVtail hniilly.809 

Mart^dnal placenta.4:18 

Morgiuate calyx.304 

Marino plants..1139 

Maiitime plants..1139 

Majjoram.967 

Markiiiguut. 843 


Paragraph 

Marmalade, fruit..987 

Marsh-Alallow.. 782 

MunUi-Trefoil.949 

MartUloaeoiV..1111 

Marvel of Teru. 9^ 

Mfuikod, Mfe rorsouutc. 

Mastic.843 

Mtttd.935 

Math, a term somotimefi 
UMid fur ero)). 

Matleo or Matim.10'*>2 

Mattulia.57, % 

Maturation of fnnt.. 5.TI 

— —elum^es duiintt its 

j)rf>frr<'iss...503 

M«y-.\pphj....740 

Meudoa' plants.1139 

.Meudow-.saff»*on.1078 

Mealy.5^ 

MeeonicAoid.750 

Mediek.850 

Mi^illar..K55 

• of Suriiuini.937 

pith. 

Hays G 

- —.Vs^tion <T 

- —, fiinetions of. 109 

Meilullary Slieutli - 70 

- —its fiinctions^^mW 
Aleuistemotioua, see Mio- 

Ktenionous. 

Melulenea.867 

Mebmtlineeie..,1077 

Me.liistoTnaec:e..^.19>3 

- , Jte^jiOTi oil...11.55 

Meletriicta i>eiii>e.r.10<»0 

MeJiactye.809 

Meiilot....850 

AlembmiiueepM^j^t^ Mem-, 
branous, ha^ff the t^-‘ 
tun; of a mcjiibraoe. 

A! ^Miiecylea;...803 

Menisem.1192 

MeniKi)ernineea‘.740 

Mentluu.007 

Meiiyairthea}. 948 

Mereneliynia. 5 

AIerieun>. **43 

Afeiisnnitie..493 

AletithnI.. 109 

— —, lumiuar..i.S9 

— -, iHdiolary.139 

— -, tiKcllary. 139 

• -- VMfdnal.139 

. 0.39 

Mest^mbiyaecie. BKl 

Mesfiubiyantliuma, Iteaion 

of.135if' 

Meseinbryantlicniuiu. 88 

Mesocaip.524" 

Mesochilium.I0>30 

Mesophbeuni.82, 84 

Mtuophyllmn. ^ 137 

M^(^)enn. 578 

Metamondnwds.041 

Afeteoric flowers.484 

Meaereou. 10023 

Mierameter..1190 

Micropyk*.464, 583 

Micr(^'(^..1191 

-compound .. ..1194 

- ' —, simple.1193 
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ipc-makers. 

_jplc a]}iHiratuB.... .1197 

Microocopic preparations.. 1201 

Midrib.141 

Mignonette fiuniiy........ 765 

Mildew.695 

Milk-ti^ ..‘.>45 

Millc-veeeels.. | 

Milk-wort family.772 

Millet.1098 

Mimc^K. 848) 

Mlmosltes.1189 

Mimulus.9G5 

Mint.iWJ7 

Miocene.1176 

Miustemontma. 092 

MistetbC..252, 899 

Mitrlfonn..1114 

Modeceeie.870 

Mohl on Cytogcnesis. 22 

Moisture, us (Ut'eeting tlie 

distribution of plants.1138 

MoUuginete.778 

Moraordica.. 

. m 

Monembryony.586 

. 3^ 

. 57 

-. — vessels . 87 

• roots.129 

Motiiiniacere..1026 

Monkey-bwad.784 

Monkey-poL.867 

Monkshood.740 

Monk's Rhubarb.^1 

Houocaridc ..634 

Monochlamydeai.980 

! 648 

^ffyroaonOTK stem, 71, 91 

Mono-Ciyptogainse.1104 

Monoscious ...JJ89, 6^ 713, 9J1 

Monoganiia. 717 

Monogynous, iiaviiig I style. 

Monomic.1151 

Monopetaluus.376, 380, .381 

Monophylloua.358 

Mouosepalous.3.58 

Monostachya, having a 
single spike. 

Monutiieeal.405 

Muitotrui>eae.926 

Monstrosities, causes of.... <>46 

Moon-seed fitmlly.746 

Moraw’ood.851 

MoreJB.1019 

Morel.1124 

Morinda... 905 I 

Morindine.9fi5 f 

Moringacese.85:) 

Morphia. 7K, 

Mcn^bology.t*41 

Moiailiology of Mosses ... .1114 

Mo^^.1114 

-, y o^on of.1155 

Movem'^nts in sea weeds.. 657 

t-in seiifiltive plants 659 

Moving-plant, ace Desmo- 
dium. 

Moxa.917 

Mncilagc.. 303 

Mucronate....150 


ParttgrafA 

Mmots, defiliite. 46 

Mudoi*..94:) 

Mnlberry.1021 

Mullein. 965 

Mnltieostate...144 

Multilid. 148 

Multijugutc.15 

Muttiloeular.440, 522 

Multiple fruits ........ 

Multiplication of paits W 

flowers..653 

MnltivaJvnlar.530 

Muniin^'-elotii. 29 

Mninmy-wheut.617 

Mmdeet.905 

Muiiaiie add gas, efleet on 

plants.295 

Mnrieated, covei*<Hl aith 
short liard excvc8«:eiieea 
Murifonn cells 8J» 

Muriform cellular tissue... 5 

Miisiiecie.RHt) 

Muscardine..1126 

Musci.1114 

Museology, tlie study of 
nioswea 

Muslu'oom.1124 

Mustai'd. 762 

MiLshml-tree. 987 

Mutiix>ua, without an awn .1097 
Myrolinin 

Myo])orinea’.9ii8 

M vosotis. iK>9 

Myriewe.J0:w 

Myristicacea:. 15)5 

Myrobalans.862 

Myttinic acid. 762 

MjTotdne. 762 

Myrrh.845 

Myr^iiuceiu.9:)8 

MyrtatwaJ.•^*^0 

-, Region of..^1162 

Myrtle.867 

Nuh(«. 740 

Naegeli ou Cj togeueids.... 24 

Kaiaduc'cfe.1092 

Napifomi.124 

NarcisKC.'O.1070 

Nareotiue.75(t 

Narthex. 891 

NasetKsrry.itf. 

Natural system.719 

NuvUaihir, boat shaped. 

Neeklaee-like.398 

--veaseds. 37 

Neetandra. 994 

Nectaries.JW-*), 416,4^ 

Neeturlfoinusglands...... ^^3 

Nclumbiacciu .. 7.52 

Nepentliacete. .1011 

Nerium.945 

Neroli oil.796 

Nervation.141 

Netted. 143 

Nettle.1020 

Nettle-tree.1020 

Neuroptei'is.1180 

New S^alnnd Flax.29, 1076 

-spinach... 881 

Nicker-tree. 851 

Kiuotlana.961 


Puragro}^ 

Nieotina. 961 

Night-flowering Cci'eua... 88!) 

-^iiw-=*'*plant». 4H4 

Night-scentetl flowtsre .... 687 

Nightshade.961 

Nilsonia.1187 

NipiuliU's.1189 

Nitrates as manures.246 

Nitrogen in plants.215 

-, sourees of.216 

Nodes.67,169 

Nodulose or Nodose. 125 

Nuggi«rutliiu.1184 

Nuuiciieluture.704, 712 

N un-fossilifeiY>us 
Norfolk Island I’iiie 

Notorbizca*.601, 759 

Noyan. 855 

Nucleoli. 16 

Nmdeus of a eeil. .16, 22 

IvucleffTor kernel.577 

Nucleus of ovule.. 4^ 

Nucuiunium.TwS 

Nucule..459 

Nucmnentacea>. 760 

Nudicunlis, naked stennnial. 
Number of known plants. .1133 

Nut.544 

Nutmeg.990 

Nutrition of plants.206 

of air plants. 217 

Nutritive organs. 43 

- products.312 

Niix-Vomlca. 947 

Nyetuginaetta*.5)82 

Nymplueaceai.750 

Oak.1087 

Oak-apples. 701 

Oak-sptuigles.701 

Oats.1142 

Obcordate.150, 372 

Object-glass.1194 

Oblhiue.14<i, 372 

_ 150 

foiig sytnme.try.644 

OlMivate.’.150 

Olisfdetc. 364 

Olivoluto.186 

<)dimi{'<*ie. 833 

Oclmyi. 158 

(K imi. 782 

Octundi’uus.394 

Octangular. 69 

O<*togynoiis, having^^ht ^ 
stylc'a 

Odours of fioweni. 687 

difl'e.rent n. 
orders.. 

- in c^onnection with 

cw)lonr.688 

(Jihiantlu .. 

OffiK't. 

Oil, (‘ells containing. 20 

Oils, fat.....814 

——, flxwi. 814 

-, in ditfereut seeds.... 816 

, solid.,. 814 

- , volatile or essential... 317 

Olaenc'uui. 794 

Olaxfiunily.794 

Oleiu.'eaB...940 

Oleander.945 
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Parmgr a pK 

Oleaster family. 9»9 

Oleracitous, esculent. 

OlilMinum. mfKHtm 

Olif^midnms.3fK 

OiiK«>spermous. 54(i 

Olive.»41 

Otn))1ialo(le. 

Oim^rueea!. Bf»8 

Onion.1070 

Oolitic KotttdlH. im 

Ooplioridiuni.1112 

Ope.ifuOite.8W, 425, 535 

0]icrcuIiini ..1114 

Ol>helia Clunita. 040 

Opbiowu'voti. 80" 

Of>bi0glos8u;c.1100 

Oitiuin. 750 

Opoitonux.801 

OmxMliAL. 1011 




Onicli. 087 

Oraji]!^).700 

Orani^‘family.705 

Orbic'ulHr.IW 

Orchidai'cat. .11)50 

OrchidaceuUH eorulla...... 370 

Orcliil.1121 

()rdci*s, dcliiicd. 

Organic e(»n»titiK*iit8.218 

-tubular view of.208 

-, stmreea of. 212 

Organic elements. 208 

OrtfuiiOKcny. 4-t2 

Ori.^nioKiiii)Uy or .structu¬ 
ral BoUit ^ 

Orf^auK, aptxindiculur.. 57 

«)m])ouiid.2,43 

— , elementary. 1 

— , essential of the. flower 351 
—, esMOitiul, tlieir fniic- 

tions.488 

• — , nutritive. 43 

• , rei)roduetlve...43, 32:1.388 
OrlRinul veftc^tution of the 
olie. 

OmuK . .vr"^ 

OrobimclmecaJ.i)oi 

Orris-root. Bkw 

Orthoploc'Ca'!... ..001, 750 

Orthos]>crmie. 888 

Ortliotropal.4<i5, 5S4 

OrthntryiiaH . 4<'" 

.1170 

Oryza, se<; Itice 

Oscillutoria.lira 

Osier is Salix viminalis. 

Osmuiulese.1100 

Otopteria.1187 

Oimiri. 047 

Oval.5, 150 

Oxaivo /rermcn.420,431 

sions iu it.430 

-, half-lnfcrlor..440 

-inferior or 440 

-, suiKjrior o^WRrrr.T. ’IMS 

e^ji^-sli iped. 

^^menyma.. 

Ovular tubes .. 

Osj|j|i^.438, 430 

^Si^Bcendiiig ... 471 

-, coverinj^ of 

, development of...... 433 

-, erect.471 

-^fonnsof. 435 


Paragraph 

Ovule, horizontal. ill 

— - , inveited.471 

-, nuked.401 

-, pendulous ..471 

-, i«)sition ill tlic ovary 471 

, seminude ..401 

uvqiendc^l.. 471 

Oxalate of lime in rapiddes 18 

OxulldacesR.8l’0 

Oxidation in dowers.473 

I Oxlip. 075 

■ Oxy 

Oxygen in itlcints...213 

of. 214 

»»iisimied by dowel's. 474 

Oyster-plaiit . 050 

Oyster-plant of America... 018 

Pflponiea*. 739 

l*a^na of leaf.139 

I*iilax)nfoIo^y...1170 

Vaia'ozumia'..1187 

abeozoic plants.U8() 

l»alate. 381 

I’aleaceous, chaffy, covered 
with T>ulea'. 

^Igffiof Coiiiposita*.348 

^'usse-H.1097 

Palm-stem, formation of... 94 
dichotomous... 90 

-, dircctio 

cular bundles of. 05 

--, mode of in¬ 
crease of. 07 

-, rinjjs of. 98 

Palmoflhc Bible.1084 

Palma Christi.1011 

PHlnmeiles.1180 

Palma*.108.3 

-, Kepon of....1155,11(52 

Pak^^.. .„148 

W^^^d.fTti"*#!® 

PabimtiiKirtite, cut nearly 
to the basi; hi u palmate 
iniuiner. 

Palmlii. 1 017 

Palm-oil.I 

Palo de V'uca.1022 

Panax. 805 

Paudanacciu.108^' 

Piuidaiiociiriium.llsi- 

Pundurifurm. 141 

Pan$;ieai.873 

•le.333 

,te. funning a puni- 

Pansy. ..769 

Papaverucem. 

Papaw.'873 

Papayac^ent.87J' 

Papei* for drying.1204 

- fur Herbarium.1208 

l^per-nmlberry.1021 

Papilionacete.848 

. i,*orolla. 879 

ads. 5' 

PoimiiB. 36i 

, 1006 

Paracondlii.384 

Paraguay Tea.9:15 

F^uphyses.1114 

Parasites. 252 

-, nutiition of.252 

—, 0 X 1 roots 


I Paragraph 

Parasitic Fungi." 

I-plants........ 

ParoRtemones •.384 

Paroiro-bravu. .747 

Parenchyma .4,6 

imperfect... 12 

-, penect.. 12 

.440 

raneiff..^....1121 

Ibiriglin. 

J’aTi-piniiate.. 

Paris. ^ 

Pamaralea;. 770 

Parcmycliiuceaj.879 

Pampsieiu....875 

Paivley. . 8f " 

Parsnij 

LEojl^or Parted. 146 

I nWiroracea*. 875 

Passion-dower.876 

Pastilles. 032 

Pustinm'a.800 

Patchouli.067 

Patellaj.1119 

Patent, sprcadiiig.,v, , 

Patulous. 359 

l*ea.850 

Piitu'h... 8^ 

Pear. J .8.55 

I'ccopteris.1180 

Pectiiie..m 564 

Pectiiiuto.51,147 

Peduliiyv. 950 

Jted^i.14H 

. 148 

Pedh-el.326 

Pedic^ute.3*25 

325 

325 

816 

Peiliide, superdcial. 4.5 

PeUltory.1020 

PelUtoi'y of S})ain. 917 

Peioiia. 985 

IMorizatlon.664 

..W, 140, 468 

[^RHWeea*.1000 

Peiiei1-(r<Hiar.. 1044 

Pendulous ovule.471 

Peiininerved, see Feather- 

144 

Penny-royal.087 

Pentagonal, having 5 an¬ 
gles. 

PcntugonaJ symmetry.... 648 
i'entugynons, having 5 dis¬ 
tinct styles. 

Pentainennis. 843 

Pentandr<ni». 

Penta)>ctaJou8.376^ 

Pentaphylluus.. 38£^. 

Pentase^ous.381 

.551 

ida.651 

Pcpi>er..JWi 

Pcpper-brmid. J ("“* 

Pepper-corn.... f. 7(H) 

'*ei»permint.A. 067 

Pepperwort family..1111 

Perenchyma of Morren. 17 

l^enmnial.6:k*}, 713 

Perfoliate..H>3 

Perforations in . 9 

Perianth .. .v....Trr..352 
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i*ara^rop4 Pampraph 

J^dUm .diK) Physlolop' or Pliyiriolo^- 

WHoIiWiIhI .1114 cal Bo^.v. 1 

Pttricladimn...168 Physomycetes. 


PerlclliUum, involucre of 


PhytoWpliiw.. 


CoiniwsltiE. Phyto-geopjapblcttl dlvl- 

Peridorm.......non of tlic ffloltc.U62 

Peiidlum, Ki^oro-caaes of Phyto-Ruojo'apldcal zones 


some Fun^l 


^ ofMoyen...1167 

.... .SOT Ph 5 'to^p*^^ph 3 ^ the art of 
.lh96 dosciihinif plan^ 

.390» 449 rhj'tolaocuoca'......1W8 

in flowering... 483 Phytolojcy, the general 

1... 602 study of plants. 

tliiujTU Willie as l^liytons.110, 181, <139 

un. Idiytotomy, the dissection 

. 577 of plants. 

687 IMiytozoa.427, 402 

.^^^1 Has8a1>n.1084 

(•. 'll Pieotec.770 

.IIM incTJViia.832 

i. 471 PicTotoxin.74" 

.i 946 lMU*orhi«a.120 


Poriphorical.. 602 

Peiiidiorantliium, same us 
Periclinimn. 

. 577 


Peilspore.Hassalai.1084 

Perlstomatlc.Pieotec.770 

Peristome.IIM IHcTJvna. 832 

Peritropous. 471 PicTotoxin.741 

Periwinkle.^ 946 IMlwrhiza.120 

Pemamhuco-woiKl.. 851 IHg-mit, see Earth-nnt 

Persimmon... 083 IMleiia or cap.1122 


Personate.881 Pili 


Pertiis, having slits or 
holies. 


Wlost*.86." 


holes. Pilosus.. tlO 

Perulas.. ]8i Pimento or Pimeiita...,Tv8«7 

Peruvian Bark.. 90.‘J Pimixinio), see AtmgiSI^ 

-, Chem'.. 961 Pimplnella. 802 

Petaloid.859, 306 iMiiawwe.I(W2 

Petaloidem.1054 Pinc-appIe 

Petals. 868 IMneUtidlo 

-, adhesion of..Pinenchyma. 

-, mctamorpiiused.... ^sSs IMnea.1044 

PetioUiiy..160, 201 Pinguicuila 

-, mcWthal.180 I'inites..IIW 

Petiolate I’lnk. 77 

Petiole.I'iuk-itKit.041 

. anomalous Wmis m l^nna.162 

, infUitcd.. PimiH^. 

——, shciithing.. 158 ^S^^itcniately....^^^ 

“, wingi'd.. 157 -, equally or abru])tly 158 

olules. 151-hilerniptcdly.. 153 

vcrlea‘,. 088 -uniMiuuJly.154 


Petiolules.. 1.51-hilerniptcdly.. 153 

Pctivcrlea*.. 088 -uniMiuuJly.154 

Pence.. Phmttriflik. 147 

Plucnogamous or “ WmaBlartite.. 147 

gumouK.828 Piiinnl^ leatluts in a 


Pbunentgamoiis plants, ar> 
rjingnientofthelrorgaiis 6518 


douhiyt or triply pinnate 
leaf 


Pliiladelphu(*e(e. 865 Pimis.1044 

Ptilchoidul tiwiuc. 37 Piperac'cse.. 1031 


Piiloridzine. 309 , Jtegion of.115.5 

Plilox fkmiiy... Pistachio nut.84$ 

PhoMiix.1084 Pistada..., -.^43 

Phorunthfnm. 826 Pistie. .1^ 

Phormhim.1076 I .350j 42£ 

Fhragmata. 447 NBHif%rmation <it .4JK 

Phycology, the study of -, various fuivas of..484 

sea-weeda Pistillary cord.488,460 

Phylla. 868 Pistinate..64S 

Phyllodinm.P^i*fBh(lia.450,49^ 


Phyllogcn. PistUliferous.888,649 

Phylloid. . .T327 Pita-flax.20,1071 

Phyllophor.. 96 PifatvA->inrv- ana 

Phy^'oplastlc.. 177 Pitch..n ' . 

Phyl^taxis. J69 Pitcher-plant family... 

——^—!, in Awigena... 176 Pitchers...; 1C4 

-•» —, in Endogena.. 176 Wth.8, 72, 76 

— ■ —, in Exogens.... 176 -^,diNroldor<UHciferm.. 75 

Physalia. 961-excentric...'... '■fliO 

Physic-nut..1017 —,hmetlonsof. 109 

PhyrtognoT^>^of ‘ Fitnn-bark....903 

tion.. Pittedtissiie.. 86 


Patirgr^ph 

Plttosporaccjv.H23 

' 438 

^PBiPifhow fljnncd..4.‘J8 

Tiaccmtiuies....4:iS 

'loc'entatiun.448 

Malted. 185 

Plane, oilcntal.1036 

Plantagimieca!. 078 

IMantaiu. J0(J4 

Planting ti-ees.. .T^iH 

Piatauaceie.1033 

IMtdotrachca:. 32 

Pleistocene.llHil 

Pleurenchyina. 29 

--,fututioiisef 41 

IMeurisy-i-oot. 

IMcurocarpi.1115 

PlettrorhLxea; .601, 750 

Plicate.. 186 

Plimaiie,.?T!T:11TO 

Plum. S55 

IMumbaginacea*.076 

Plumma^.366 

WiliniilH. ..VK), 508 

ug many 

or (alls. 

Pod. .548 

Pmletium.1110 

}N)d(H‘an».. 

I’odogyiiiuin, sjime «.s(»y- 

nopliore.4^57 

P«Khw|KMin. 462 

INid<ist(‘imi<xi:e.I<r24 

roisoii-cdder. 843 

J*oisoii-h'y.84:» 

Poisoiwuit. J47 

Poiwm-oak. 84.3 

Poison-siimacii. 843 

Pois{m-vhie..843 

I'oitwma tlidr (*tfeet8 

irritability. 666 

Poliirizi iig apparatus.1107 

Poh'inoniacea*.. 052 

Pollanl-trees. loO 

PyUm.305, 402, 421 

applicjitioii to tlio 

stignm.. 404 

-, ilevehqmieiit of.... 421 

-^,rlurathmotvitalityof 500 

-, S(»itt(;riug of..4.% 

Polloiugraina coverings of A'tt 

-,8ixoalldfbnn 

of.424 

, imion of..... 421 

Pollen-masses.421 

Polleii-tulies.426 

...-^ extent to 

wliich they penetrate 504,512 

--, functions of... 503 

Pollen-utricle . . - - 

Pollinia. 

Pollinaria.427 

Pdvadeiy^WL. . *300 

rofyafro^Wf^. , 394 

Polycarplc.... 

Polyclu^te.. .. ..1066 

Potycotyledouona.598 

Polycinbryony . " ■ 

PolygalaeoiB.... 

Polygamous.. .389, 648 

Pidygouac^...990 

Pblyinmoiia having many 
distmet stylea 
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J*aragnxph 

polyhedral. 4 

Polynumlc.1151 

Polypi‘tuIouft..37f>, 979^1STB 

Polyvhyllous.35H 

PolyiKKlieaj. ..IKW 

PolyHCpaloiiH.35K 

Pol3'Kpvniiou8..54() 

Polyistemoiuiim. 


KM 


PoinoKTjuiaU*.Kli7 

Poi)i]>elni(K)»e.7!)K 

PomlwceU fuinily.1<»92 

P(Mit<.MleriH<j(«e.1<#W* 

Poplui*.lh^»4 

"^«l*py ftiniily... 

Porewort isuiiily.. • • 774 

Poroiis cdls. 10 

— —dflilMcencc.5:16 

— voswtds. :t6 

PoiTo<!t, extended forwai'dH, 

PortlaiHl-<Hrt-he(\.1187 

Portland i«up:<>..KKll 

Portugal Laurel.KftC 

PortnljK’oeejv. K7K 

J'osterior, upldied to parts 
<)f the tiower.... 

Pt»stu*je.412 

l\>tanKW.UK)2 

i*otasU in plants.228 

Potash and wmIh as ninn- 

246 

l*otntt». J*6l , . - 

Potnto-dise>i44e. 6J)1 (luadril'iireuru.406 

Potentilk-a;. 8.54 Qnadrljutfatc, haNiiiK 4 


f^troffraph 

Pseud o^pGiinouK. 531 

Ptfiridotfraphia, a treatise 
on Penis. 

IHeris aquilina.105, 116.*) 

Pterticaiims.850 

incrt)i>hyl]uni.1187 

Piiheseent. 60 

J*uecoon. 736 

Puehu-imt, see Patchouli. 

l*ii]p in h*aits.523 

J*ulvcrultmt. eovei'ed witli 
tine powdery mutter. 

Puiviiius. 13fS 

J^nipkiti...872 

Punctated woody tissue.... :10 

Piinicu.867 

Purainff-nnt.lol 1 

I*urplci 

Ihii-simie.878 

Putainen.524 

J*utty - wort..1058 

PjTClIfl 

I*>'i*etliriim.017 

l^idiinii, s;une as Pome. 
Pyiitbnn, i)ear-shaiK*d. 

Pj'n)le;c.926 

Pynis.. 

r^RW. ^>4 

Quadranpilar. 60 

({uadrifaiious, in four rows, 
tjuudrilid, J-clett. 


Pounce.1044 

Priertoration.:134 

PvadVdiatiou.184 

Ih-aiiioim*. 124 

Pmnjr<»s.8!W 

Pi'essin^ plants..1205 

Prickles. .37 

Prickly P<iur..88;) 

IMintne.464 

Priinordial.168, 5U<1 

Primrostts.. 975 

IMmiilaeea!.974 

IMnee’s feather..98.3 

Piismaticul. 5 

Prismenchvma. 3 

Privet..94 

IhXKtuiubent. 66 

Pnaluets of planta. 800 

Protn’cssUm of sup, cause of 266 

Proliferous leaves.. 199 

-plants..681 

Prone, prirstratu, lyin;? Hat 
on the <untli. 

Propapilmn. 191 

l*roper-ve8sels.. 88 

Proseiuliynin.. ; 

Protea<‘ea*. W7 

Pnrteliie.310 

Pi^toeweiis.1129 

Proto])1usni. 14 

l*ruinoso, fi'osti'<l, liarin); 
the apTKmiance. of con- 
j;;e.Jed dT«]is of dew'. 

titles.118 

Pninus.855 

Prurient, euusiu); iteliini;. 

Pseudo-bull). 70 

Pseudo-nnmo(>uty1eUuiions. 598 ! 
Pseudo>parasitic.1130 


pairs ot'leaiicts. 

QuadriltK'ulur..403, 440 

ihiadripurtUe ..362 

(jiuirtine.4ii4, 469 

(Quassia. 8:J2 

Qu«l6^*uute.134 

Cluerd troll.1037 

tJlKMVUS.1037 

(piick-^rruss.loot 

<lnillaiea'.854 

(juillaio-bark.. 

(]uiim.18)3 

Quiiiute..134 

Quince.....833 

Quiiieunciid.353 

<lulneiinx. 17G 

QuitHsi.987 

QuinqnunjU'ular. 69 

QuiiU)uelid.. 148, :)6l' 

Quinqueloeular..440 

QuimiiKuienis Ini'inp: 
ribs )iroeiiedin)f from the 

luisi*. 

QuiTUiue))ai*tite.362 

Quintine. 464 | 

333 

ie, tiowuriuK in 

L'emes. 

liat'es...705 

......1 J)2, 325,331 

. 911 

liudiatifonn.011 

KadiatinK. ^ 

i J||dig|L 61, 168 

nRRRr excretions.132 

Radicle.590, 502 

" • 385 

762 


Feragraph 

Rftfflosifl.. .ii03 

Itufflesiaceje...'.'.lira 

Ranml.168 

Ramenta.. 57 

]tan)eutac.e.oa8. 57 

Hainpion..922 

l{tin);e of Ve);etation, hori¬ 
zontal.......1158 

'ertieal.1156 

Itanunculue.iia‘. 738 

Itow.702 

'• * 467,588 

lean cells.. 18 

18 
855 

RataRa... 

liattHiis. 

lUttoons.304 

Ravenalu. 1(^ 

JCays, raedulloiy. 80 

.of tiower....326. J)28 
^ of secretion.... 20 

K(H.‘llnate.185 

ReetenibiTa?..91k) 

Kectine.rvls or Rertivenltis, 
stiiiijxht-vclned. 

Ued-stiow plant.1120 

ilwUiplicate 

Ucifinu.554 

RtdndcHT moss... 1121 

Helinuiai, veinidns of with¬ 
ered lea\(ts attiU’hed to 
the pliuit. 

• ...150 

^ivvin*: a hlightly 
, wavy margin. 

j Repluni.447, 534 

j Rciiroduetion in Cryido- 

gamoUsplaiits. 

I- in Than<;rogam(m) 

plants.494 

RepTisiuctive organs. 43 

Ueseflaeea 

Resen-oirs of oil. 20 

Hesiuous mutters.. 20 

Resins.318 

Res|)iratioiJ of plaids.282 

Rcstiuecn*. ..1003 

Jh»suviiuite, inverted by a 
twisting of the stalk. 

Rele of Nouvsi*.678 

Reticulated cells.. U 

-veast'l.s. 3.5 

Reticulum.57, 158 

Rctiiuuaila.421 

Ketliicrvis or Retivetilus, 
having ii^tlculated veins. 

Retnu’tile hairs.. 59 

Retrorsc*, tnnied haek- 

Itetuse. li. , 

18S 

Rhamna(‘ea‘. 

Rhiitany..... 

Rheum. 

Rhinanthidese 


091 
840 

.J 773 

..,.i 99J 

...X 904 

RhizaiitheiU.^.1102 . 

Rhizunths. E.. 252 

lihi/.ohohg'ca!.8(^ 

Uhiz<K*ai*i)eie.IIIJ 

Kliixogens.^. 64 

a. 70 

^ ‘ 859 
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Pcuragra/pk . 

Rhododendron. (>27 * 

Rhododendrons, Re^()nof..ll(>2 
Rhoinhotdf oval, hut dl$;htly 
om^ar about the middle. 

Rhuwrh. »j; . 991 

Rhus.R48 

costa. 144 

IUb>wort family.97H 

Ricde®.1117 

Rice..1098 

Bice paper.8, 8'52 

Bi<» paper plant. 

Bidnua. 

Blctoa. 

Ri^bolsam... 

.3fi2, «81 

. . "fe. of fruit. m 

H€K»mbolc...1070 

Boccelltt..1121 

Bodcplan^. 

Rock-R(^ family., 

-, abnormal.121 

— of Acotylwbms., 

Atin»^cns.128 

-, adventlduus.121 

-, aerial. 121 

- of Plcotyledoiis or 

£xo{;ena..126 

-. excretions from. 132 

-, fleshy. 131 

-, forms c»f. 124 

-, functions of.129 

—, inode of lucre 

-Bubtemtiiean. 

-, Structure of. 120 

of Monocuty1ed< 

Endof^iis..127 

-, youii{i:..119 

Itoot > like processes of 

Ivy. 122 

Root-parositcs.252, 963 

Koot-8t<K*k.. 70 

llawcea*..8«)4 

Rosaceuus corolla..37K 

Rose. 8.W 

Rosc-ap)i1c. H67 

Rosemajy.967 

R<MWi of .lorich 

Rosewood. 850 

Rostellum.421 

Rostrate, see Beaked. 

Rotate. 380 

Rotation of ( 

Rotatiou ill cells. 

-, veloidty of the 

cu mints.280 

ause of. 281 

Roufh, sec Scabrous. 

Bounded, rotundatua. 150 

Ktfbia. 905 

Rnbiaceai. 

Rnellin. 271 

Uuu^sc, coarsely wrinkled. 


RUUPSC, COi 

Runlbx.... 
R’.’.irJ'i ated 


bated. HBS 

RnnciW-ite. 147 

Runner^.191 

Bupturieg. 586 

RushFumilv.1082 

Rust.. *»« 

Kutaceffit.^;^... 


Rye. 




Sabadllla.1078 

Sa(‘ of the embryo.464,577 

Saccate .. 373 

Sack-tree.1022 

Safflower...... 916 

Saflrou.1W.6 

Sagaiienum.891 

Sage. 9<*7 

So^ttate.150, 374 

Si^ . 

-.false. 1046 

-. Portland.302, 1091 

Sago-palm.los4 

Saiiitfoin ..8.50 

St. Ignatius’s Imhu).941 

St John’s bmul.8.51 

St John*8-wort family .... 797 

Salep.1058 

Salicine.3(n», KKH 

SalUinva*...lo:>3 

Saline Plants.1139 

^piffloKHideie.(MM 

^Isafv. 918 

Salvadom 

Salver-fdiaped.J>80 

Sahia. 967 

. 642 

S^mMId. . 

Sambuccie . 

Samphlr(‘. 

Suinvclaccjc 

Saiui-plonts.. 

Sandal-WfHHt.1007 

Saiiduracli..1044 

Saudi«»x-trce.1016 

SangulsorlKia*.K.H 

Suntalaccie.HKg» 

vSap, 

hs 

tK>siHeii. 260 

-, course by wliich it 

•niUe 

ending 

- j heiglit to which it 

ascends.274 

Sh]»-wou(| . 

Sapindin'cie.8(H» 

SaiMuihic.7“' 

Supotaecoi.936 

Suip^-VOtai. 8.51 

Sai^ibd^.937 

Sapiicaya nut is the pv 
due© of a !qa*eics of 1^- 
eythis. 

SarcinuJa.1 

Suiwiciiri) 

Sarcocol... 10(S> 

S^irciMlcnn...578 

Sarcospi 

^irgassiim. 

Sannentuin 

Sarruecniaww.754 

i^rsHiMUilla.1052 

Sarxa. 

Sassafras. 

Sutin-w'mMl.812 

Saururaccie.1030 

Savin. 

Savour>'. 

Savoys.. 

Saxlfragaccjv. 

Saxifrages, Region of ... .t 


Porflffrat'fc 

Scabrous. 58 

8cfcvuli».‘.9:^ 

Scalarifomi cells. 11 

— ve»M.ds.35, 104 

Scales.57, 346 

Scnmmouy. 956 

-, adulterations ot.... 948 

Somident. 60 

5cape . 

Scar. 

Scaiinus, membranous dry 
and Khrivelled. 

Scarlet -riumcr.. 850 

Scepaccoi...1014 

Schinus.843 

Sclilciden on Cj'togenesis... 22 
Scliouw’Hphyto-geographi- 

esd Hegions.11.5*5 

Schultx, view of Ijatex.... 41 

Scilla or SquiUa.. 1076 

Scillea*.1075 

SeinUlna.1076 

Scimitar-shaiKid.150 

Scion.569, .573 

SeitamineR.J059 

Siderantbeie. 879 

S<*lerogen. 15 

Scobifonii, like flue saw-dust 
Scoldna. theflexuDscrachis 
of grasses. 

Scoridoidal. 

Scorzoncm. 918 

Jk'otch Kir.1044 

'otcli Thistle.916 

Screw-p}iic..«.121, 1089 

Smnv-tree is lleJictercs. 
Sci*ol»h’iilivtc. pltttil, having 
little (h*pr 

Scropluilariaccie.964 

Scurf.. 57 

Stnirvy-grass. 762 

Scyihi.ni J.}inib..UlO 

i-lmckthom. 999 

Sca-kulc... 

Seu-sidc-grniKi.991 

Sca-plnk. 977 

Scu-weeds.1127 

Sca-wTJwk.1128 

Sebcstcii i»hnna. 957 

Secretions of plants..300 

, n'ceptJicIcs of.. 20 
Second, amingcd on one 
side only. 

Secundhie.464 

Si‘(lge Family.109.5 

Seduni. HHO 

S<*ed» . 

, forms of.. 

, functions of. (K>5 

, intiiguinents of.577 

, lobes of. 580 

-, position in the <»vary 585 

-, soaing of. 611 

, iiaseiuinutioii of.606 

-, mHturaHr>ii of. 6t>5 

— , moiie of pivserving.. 618 

-mode of ti’uiismisslon 1210 

-vitality of..017 

SehigiiK'U!.908 

Seiagiiiaites..1181 

Semf-fthatit)pal.. 407 

Semiflosculous.911 

Seminal leaves.599 

-lobes.599 
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P»ragraj>h 

.Seminudc.57« 

,ScmiH?rviv<*a{.H80 

StmiiHsrvh'iira.880 

Seiu^Ka.77U 

Keiiiia.8r»l 

Sensitive plants..(JSO, 8."»i 

Seiails. -‘mK 

uOiiesion of., 
forms of. 

Septnie.42 

Septemtid. 14« 

Septenate.... I‘>4 

SeotiijidaL.. 

sqmmi^. 

Scpttiiata*. 

Septum.-IW 

ScrietMms. oo 

Serpeutjuiu.lOK* 

14V> 

P.02, i:;o, :t7o 

♦ .J 881 

SC'taeeoUH. 

SetJV.r>7. 4-*»}» 

Setose. .>7 

Sc'xes of plniits... 4s{» 

mil sysiem. 7I'» 

Slmddock.700 

Sluilloii. 027 

Shallot.1070 

ShatnriK-li.821, s.>u 

Sheath of leaf. 100 

She-mdi. J.0 ;>5 

Shield-like.TT”;’* 

Slmihs.(W, 710 

Sidea*. iiU 

SidtMCKldle-flc T.‘ ^»h 

Si^llatia.iio--> 

Silenese. 77S 

Silica in )iiuids. 220 

■ - in I'iadi'ninv. 40 

-in liu* soil. 2:i.*» 

‘.rJul W» 

If 101 7«l 

.Silh|Ui 700 

OH 

Siher-^rrain 

Sinuiriilhieea 

SinapiHiii. 702 

»Siss<H>.8‘)0 

SkiiTer.son 

Sknilk-Oabbaj., 

Slushed, Kd' laieiiiiiited. 

Sleep of jilants.0r*8 

Slipper-tike. .‘Wl 

SUk’ .S-Vi 

8uiili|(*en'..Idol 

iilaein.!■ 

Smut.OiM 

Snmt-balls..OOe 

Snakc-imt-tive. M07 

Snake-nH)t. 778 

-, Virtfinlun.1010 

Siuiko-M'iHid.047, 1022 

Snowball-tree is Vilmraxan 
OpuluK. 

Snow’yny. 

Snow -drop, wh* OalantmilP' 

Siiuw-di'op-tiee. 082 

Snowflake is Leueojmn. 
Snow-liue.1137 


Paragra’ph 

Sf»ai>-b<}iTle8. HOT 

Soai»-wort femfly. 800 

SohoiOH. 70 

Social plants.1144 

Soda in plants.228 

Soils.233 

—, as atfiietinH: the distri¬ 
bution <if plants.1I<10 

-, re«|ulred tor differt*nt 

pliints.230 

Sola 
I Sedania 

Solida^os Uettion of.1 Ilk 

Solomoii's-seal is Conval- 
laiia. 

Solubility.r>3fi 

SooranjH*.. . 00f» 

Soot as a niamire. 2^M^ 

* slia, tnaiidia bi'cakiiu 
thnni^h the thalUis of 

Lichens.lll» 

Son.. . 

■ S*o' . 

SoiTcX...... 901 

.S<»iuiri nuts.808 

Soiir'uoard. saiiu*' us l)a« 
laib. 

Sour-s<)p.741> 

HotWt^-wooil.917 

Sow-bivad.h?**) 

.................. 334 j 

^P^Bi-hnaim, Is .Spnrthon 
, jnnccu 

Su^^spulhe.319 

! SiMdlmlate. loti 

I rilKIU ... 

S(H*aniual.907 

Si«‘eh*s, meaning of tlK* 
ti’rm. 

- - , <louhts as to their 

limits. 700 

I-, traiisnintafhm of.... 707 

Specimens for llerlmriiim.. 1202 
I Siu|rm<ui^jj|u ..., 

I spn!?Tencf5nna.. 

sjdiseria.1120 

\ ■ eiu»ph>lhu»i.IJSO, 1187 

.Sphminptcris.1180 

Sph(‘i*oidal. li 

S]il 
Spii 


^hake.. 


et. 

Spikinn 

Spike-oil. 

Spillage or Spinach. 

Spindle-sliuiasl, see Kiisi- 
fonn. 

Si>indle-ti*ec. 

Spi 

Splneca*. 

Spiral cells ...II, 

-vessels..32, 

Spiral cycles described by 

leavea. 

SpiTol’venuitlon. 

Spiroidca. 

Spirololicie... 

Spongelets.... 


Spctron^a.. 
l^pOFC... 


ptlon by. 


.459, 


8:kS 

2(K) 

8r4 

4o:i 

41 

171 

180 

32 

759 

120 

120 

253 

459 

591 


Paragraph 

Sporidiom.591 

S]K)nK*fUl)...1127 

Sjiorophures.1122 

Sporule, aee Spoixs. 

truces.TTraiow 

Spur, calcar.373 

Spurge funi ily.1014 

Spnrge-lani'eJ.1002 

Spurious trat'hete. 35 

Spurred.3(^ 

Stiuanmi.. 340 

.S<xuumash.1076 

.Sqtiflmuhe.1(^ 

Siiuarc cells. 

StjuaiTose, covered 
pnautast'K spreading at 
right angles orin a gi'eat- ' ' 
er degiXHj. 

Sciiiash. 872 

S^iuill.1076 

Sonirtiiig encumber.. 872 

Htaekhontdai^ete..836 

Stalk of leaf.139 

Szmiiyia..350, 390 

^^^iWnite. 394 

, indetinitc... 34 

— , miinber of.399 

-, lairts of. 895 

-, relation to th<* p(dal& 393 

—stnictun* and fonn... 391 

-in CHyptogamic plants 427 

Staminal. 649 

Stuniinidla. saiue as An- 

theridia. 

Stamirdferous.388 

StiiminoilUun. .415. 65L 

.sWllillMIti *^«.r 

.staiadia. 943 

Staimlia*, Region of.1155 

StaphyUau'Cie ... 839 , 

Star-unise. 74tl 

Star-like, see Stellate. 

Starch-grains. 17 

Starch in plants. 301 

— changed ti> sugar, 309, 477 

Starch-sugar.307 

Sta(ic(‘.a‘. 976 

Statistics of l egetution.... 1151 

Stavewieri'. 740 

Steeping WM*ds.248 

Stcllatje. 902 

Stellate.5, 57, 380 

Stim), fonns of. 09 

, aci^>genous or oeotj'- 

Icdonoiis. 71 

, aentd. 70 

— •, endogtmous or jnono- 

cotyledonous. 71 

— exogenous or dico^- 

Icdnnous.71, 1C. 

—. fuiK'tions of dltFerent 

imWrnf. 109 

-, internal structure of.. 71 

-size of.108 

, subtenuneaii.# 70 

Stem less. My-j^ 

Sterculiacoas.783 

Stciigniata.#..1122 

Sterile flowers.f... 649 

StcmlH^rgia.1184 

Stigma .^..429, 4:33 

S tUnattri a.• • • 11^3 

•• •.1025 
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DfDEX AND GLOSSABY. 


StiTiRS..n2 

Stipe.65, m 

Sttpels. 161 

.. .62, 366, 437 

.158 

mfiraleH.189, 15K 

Stocs^.6(»» 

Stolo, a 8»(;ker, at first 
aemi, and then torniiig 
dewnwai’ds an<i routing. 
Stcdoniferooa, having cre«))- 
Ing ronnere which rout 
at the joints. 

, SO 

levelopment of.... 55 

-^—, fotms of. 54 

— ftmctions of. M 

- in Kquisetum.1107 

——. iu lettvGS. 136 

■ - ■ , number in wjuaro 

inch of surface .. 66 

Stonecrop......680 

: St(me-pino is Finns Fineu. 

-liquid .. 

Stramonium......961 

Strangulated, contrai*fed 
and expanded iiregulurly. 

Stropshaped.^182 

Stratlotese.1065 

Strawberr>’...855 

Strowberry-trot!..927 

Strigoee, covered with stiff ' 
hairs. 

S^bilites.1181 

.334, 569 

582 

Strophloles.582 

Stnima. 156 

Strnmone...898 

Strychnese.946 

Strychnia..947 

Stiychnos.947 

Stuposc.60, 398 

Style.429, 432 

-, forms of.4^ 

situation of.451 

Style and stigma, initu*- 

Wlityot..665 

Style-wort family.921 

Stylidiaceas.921 

^Iqpodium . .888 

..929 

l^yracaceee..931 

Subclasses defined.710 

Suberic acid....316 

Suberons layer.. 85 

Subgenns, defined.708 

Subo!^en^ defined.709 

Subterranean plants.1139 

-stem. 70 

Subulate.....1^^ 

SuckOT, see Simruliui ‘ ■ 

l^^ersin Dodder..122 

Succory .. 918 

SufHWex. 68 

8k^ 4^1 cose... .. 68 

augaA 

,. nm Beet. 

-, Ynport of ... ..305,1099 

-,iv(mthemaple.... 

Sugar-DU%. ^S9B 

Sogar-cioi^iis. .. • ..1099 

Sogar-mapla^'^t*^^..;;* 905 


J^tragmph 

SutphuT OS a manure.246 

Snlphuiiitted hydrogen, 

effect on plants.296 

Sulphurous acid gas, eilbet 

on plants... — 294 

Sumiu'h. 843 

Sumutra-Camphorfitmily.. 7K9 

Snmiew-fiunily.770 

Sunflower......917 

.782 

l^neida|i uppUc^l to .the 

tJic* flower.357 

SniKWvolute..185 

.Sai»i>rewlon of organs..«»47 

Snpnidccomponnd.152 

SurouJus, a sucker proexjed- 
ing from the neck of a 
plant, and afterwards 
rooting, as in ttie liosc. 

Susiietuled ovule.471 

Suspensor.463, IM, 514 

5:12 

Swallow’s-ncst, edible ....1130 

Swect-almomI.855 

Sw'eet-bay.994 

Sweet-briar is Kosa rubi- 
gtnosa. 

Swuct-<4ino.1100 

Swcct-cassava.lOlK 

Sweet'-fern. 

Sweet-fiag. 

Swoct-pca is Lathynis 
Odoratua 

Sweet-iK>tato. 91 m 

Sweet-sop. 74.5 

Swc(‘t-william is Diantiius 
barbatns. 

Sword-siiufKid, sec Ensiforra. 
Syi-amine of Scilidnre..... 1021 

Sycamore.8(i5 

- of Scripture.1021 

SyconoB.558 

Sj^ibols...713 

Symmetrical fiowuia,McA«*»* »^5 

.Symmetrj’ of organs.643 

Symplocete.931 

Synanthene.910 

Synantherous.417 

Syutmtaao.310 

" .435, .'KJS, 549 

911 

S^ochreate... .-.f# 

Synonymes.713 

SjTlnga.8t>,5 

Systenns of classification.... 70:1 

-artificial.716 

-, natural.. 719 

l^husheer. 226 

Tabular celh 

'nicainahac.799, 845, 1034 

Taga>^ a namefbr tiic Ivory 
Pahn. 

Talluw-tree..7iW, 1017 

Tomarioaceie.775 

Tammind.S5l 

Tamarisk, family.775 

Tanglflu. 945 

Dingle . . 

Tansy... . 

Taphrenchyma.. 36 

Tapioca.’.302,1018 


Paraptstph 

Tap-root.. 124 

TaroxaidneM..918 

TaraxaAmm.918 

Tarragon.917 

Dirtariun Ltunb.illO 

TaxineflR.Iti4:i 

Taxonomy.70.3 

Tea plants 

of rimiguay.9:15 

Teak, African.1018 

-Indian.5H59 

Teazel.btw 

Teel seeds.. ^*51 

Tj«m|«nr|...rr... 182 

of plants.(»67 

-, effects of.1 !Ji> 

-, as rttgards altitude 1137 

-, — — latitmlu.1136 

Tendril. 

Te.ratoi<tg>'..MptitUA 

TcrghL nmiHl and lung lixe 

Tcreine.4l4, 469 

1’ergeinlnate, 3-}»aircd. 

Tcnnlnalleic.862 

Terminology or 'rennouo- 

logy. 701 

Tcniuto. 15-i 

Temstroeiniaeca*..7!>2 

Tertiary fossils..1189 

Test-objects..119 

[ «>78 

I’WWcuhitc root having 
two oldong tiil>creules. 

419 

,. , , Ifmctiy.... 643 

Tetragoiilcjoj.881 

Tctrogj-noiis, having four 
distinct stylos. 

Tetrainerous..043 

'J’ctrjimliHnis.391 

Tetrapctuloiis., 

Tetrjiptorous, 4-wingc.(i . 
Tetrusc'tmJous, iiavutg four 

McpatK. 

Tetrusiiom.591 

Tutratliceal.405 

Thaiuinus..329, ti.V) 

lluilamitioim.390, 737 

'niallogcme. 1118 

Thiillogens.. ' 

Tliallopiiyta. 

Tliallopiiytcs.... 65 

Thailus. 65 

Thecm...459 

llieeaphore. 437 

Thcine.79.3, !B;.5 

'llicobromiiie..786 

Ihistle..916 

Thorn.260 

Ihorn-apple. 9f)l 

Thrift.. 977 

Throjit of corolla. 377 

Tltimliergiuas.970 

Thus.1044 

Thuya..^...1041 

Thnyltes.1173 

Thyme..967 

Thymclftsaccie.1001 

.33ii 

TTHH^fee lT{)as. 

Tigelliuy inerithal.139 

DgeUe.590, 593 

TiUacese.787 























































































































































rmiSiX Am QjuomukMT. 


iWfyrflpft I 

..-JS! 

TiUiuidsia. 

Tiflsnc, ccUulfti*.. « 

-, tjbn>-cellular.. 11 

-, flbro>yHSciiliiv.. 31 

-, lifplGOlL'^. 29 

-, pnleboidal. 37 

—.pitted. 33 

v^uwndar. 2H 

viiHiform. 

-, wouciy. 30 

'J'issacs, vegetable.. I 

-, arrangement ot . 42 

Tobat‘co.901 

Tomato. 9()l 

Tmnoutoso. 

Tonitmtuni. <»0 

Tonkji-lt«ni.. K&O 

TtKrtliaehe-trec. 

Tootbwort. 977 

Top-jJiaiHHl, we TnrWnato. 

I'onnGntit. 

Ibrtoise phmt.1050 

Tomlow, roinidund uneven 
)n the surliiL 

Tnr^ ..^29 

^mfSjes-mols.J«)2 

To?:icoilenUnm.«43 

'rr!U'lu';e. 31 

elosed... 31 

. iitlsu. 35 

, spu 

'IV.iclnmeli.vTnn. 31 

Tiwlesesinfla.100.5 

—• .rotationin. 27H 

Tragacjimli. SmU 

'l’ransi>iration.203 

TransiHntatlon of plants in 

(lose eases....298 

Triveller’s joy is Chmatis 
VitaUnu 

Tnv-iieurtl.1074 

lYee-lerns Region of.1102 

...-, strurtiD’Cofsti/iis.. Ht2 

•-. stem, dleh«t<»uons Hi 

Ti.c-hJv.1W«‘ 

Tne-iiHtle.1020 

Trees, deiim-il. O' 

, ages ol,. 

Ti-.'foiL. 

I’renwmUrju'ca?.... 774 

'lYiadelpiioi 

'IViandmus. 394 

Triaimilar. iR* 

Tribe-s, defined..70{» 

IVibulem. k25 

TriebotomoiLs.3:^8. ‘”>0 

Triooccous. 

Tricostatc, il-ril»l»c<l. 
Tiicu«i>i<late, luiving 3 points. 
TlidentaUj, having 3 teeth. 

Trientnlis..975 

Trifarlous in 3 rows. 

Trifld.148, 302 

Trifoliate or Trifolioluto, 3 
leaflets from tlio same 
point. 

Tngonal symmetry...643 

Trigonocarpum..1184 

TrigoUons.... 69 

Trigynous, having 8 
Tr^iigate, having 3 
of leaflets. 

TrUocular...440 


TrUliaceC...10^ 

Tiimeroiis......«‘i^'...«..« 643 

Tilnervls, 8 ribs pTO(!iooding 
from the base. f 

Trinomte......1151^ 

Tripoitite......362 

IMpe do Ivoche.1121 

Tripetaloua.875 

Triplnnaie..152 

TriinmiiitillcL. . 147, 

Triplet.. 

Tiiplicostate, 3 riba 
coeding fix>m above -■ 

1)ase of the lea£ 

Tripterous, 3>winge(l. 

I'liiluetroKS.. 09 

Tdsepalons..361 

Trlsticlions....*...*....170 

Tritcmate.154 

Trivial name. 708 

Tr(ti)ftsolAce^...822 

Ti'ophosperm.. 462 

Truftle.im 

'I'liinipeir'Wi kHt........... .1022 

.150, 362 
65 I 

Trynm. 545‘ 

^.70, m 

vular. 125 

Tuhercolcb. 131 

Tnlterose....J07( 

.;t8(l 

TnbtUiflone.Ubl. 914 

Tu'dpeaj. 1071 

tU}s.ti\‘e.713 

Tuuk'ured bulb.J91 

Inrblimte...362 

. 193 

^Iffraric.1060 

Tumeraetiaj.K77 

Turufi)..762 

'i'uniip-sliavt^d. see Kapi- 
form. 

Turnsole.1018 

Tui’neatuie..1044 

—, Ohian.84f> 

'fu** 

... 

I'litsan liuuily. 797 

TwisMwi vemalion.186, 354 

. .lOJXf 

1 nmaeete. .1019 

Uhnlnc..234 

inodeudron. 1 L8t 

Uha.1130 

Umavi.850 

..885 

. for®.888 

-Region of ...1155 

UmbelluJe., 

Umbilical cord..7.462 

. 588' 

. round, trttli a 
projecting point in tlie 
centre, lihe the boss of 
an micient shield: 
Umbraculifomi, shaped 
like an expanded tun* 
breila. 

Und^ahrub.. 

2 T 



Ulidiilated.. ... 

Unequal,.‘ 
U&equaUy pi&nate.. 

Ungolculatc 

plant. 

Unicostato.. 

Un^ugate...... 

Unilablate, having oaalj 

Unflatwal. 

Uuilocului'.405, ^ fitt.. 

Uulpetciious. 

Unisexual.88^ 048 

Univulvular. <80.. 

Unllning.88t\ 

Unsyininctiieul. 8^ 

Upas Anliar.1^; 

Upasileahi. il?; 

Urceolate.8^.'' 

Uiginea...1076, 

Um*shaped.. 380'. 

Urticace® .. 

Ust^ate, hlackened. , 

h^tern^... 

.. 

-prlmoitiial 14 

UtHculaila... 978 

U\a.... 

UvuLtri<«. 

Vacciniaee®.............. 

VAH^Uurtthal.139, ISf^ 

VaHnma... 1114' 

Va^iiaii...... 1 k. 907 

Valerian, 961k 

Vsujriuinicete . 

TaUism^..... 

—--rotatioxi fia its. _ 

celis. 

V^isnerie® «.1055 

Valonki...*...lost 

...186, suit 

VWmIP.. ...alOSO^ 

... 8f6\ 

Varii'ilcs, Uefln<sl...... 

Vurnishes....^a 648 

bundles in Ao^ 

-—-inEndo^*S87W ■ 

-in Kxogma. .jgL 

-:—^ ftinctioiu|^4n 

-•-indeflnlfc9.i.ix W 

- rimultwifr ’ » 

otts..108- 

Vascular tissue..•• »* *••« 2(r 
Vusc^uni ... 4« r j'UOR 

Vai4focm tissue. W— 86 

Vegetable Ivory... 
Vegetnlilemarrow........ 872 

ofMcyen........1^ 

-^ horlsontid range ' 

of.. ■f*’ 

-, vertical range ! 

tdl.. Jl 

Veinlcss..’.. ...^.#. Ifi 

« t&.1. 141 

o^al..f«* lA 

primary......> 1 *... 141 

IS^losm.1069 
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r.x___ 

ft «^i.'ii*i 

^ .143 

; 148 
.141 
.871 
* 436 
im- 

f)Ai siae. 

y-trsl. 771 

1077 

1078 
366 
368 

. 814 

.V>m-d»pei ■ 

>?WiaTg.,.. .37 

.....1098 


408 

.. 839 

'late. .••.w..*..;..... 169 
I <it iniOtbi oi the 
prec«o**ift« •.'•••■ >•..850 
. 

itSeMfittll........ 610 

9 

dyx.i.'i... 887 

^ * *. S 

-^ideiribmdient of.. 39 

. 36 

-, laflckB^roaB.... 

^ tnooB of 

lyinitiuicatioii.. ^ ^ 

^ mbsiU&>rm. 

j nMdaco-like.... 

a|^. . (t 'poroa8. 

>i.^ticq!ated......^ 86 

-■'—L..Wyl^ 

.. 868 

',.879 

751 
07 
60 
. m 

768. 




-i-' Jv' >■■'' ■ ^traifr<i:ph 

vVhM^0id%........768 

8iilkre-root......l010 

Via a £wa1» m the drcula- 

tlonM...«.4. 369 

,yit |it€a^ la the drcnla- 

tlon...r.269 

Viscous, clammy, l&e Bird . 
lime. 

Viscum.. 899 

Vltaces.813 

m 

20 

.. lacees.780 

Vlt&D^Ousidaiits.......... 8;U 

Vochy^aces.8i>l 

.11K7 

Volubilft... (>6 

Volva.1122 

Wafce-Sobin..lOiil 

Wallfiowm*...7(>2 

W^ut.. .lOiUi 

Ward’s portable consei'va- 

torles ..297 

Warty fflands.. . <gl 

Watea>Wn ffmilly....4H 

Water^^estnut.*.V. .*•' '868 

Water-oreas is Kasturti ma_, 

ol&diial& MH 

Water-flannel. 

Water-hemlock.. 893 

Water-Uly. 750 

Water-melon. 872 

Water-net.112i» 

Water-pepper ftwnDy.777 

Wotor-plantaJii....1088 

Water-shield family..749 

Waved.... 5 

W|uc, vegetable. 

Wax-flower.. rm\ 

Wax-eny rtle...1035 

Wax-palm..1084 

Waxy matter in ^Ider- 

mis. 49 

Way-bred...... 979 

Wc^on fossils... H87 

Wedge-shaped. 150 

Weeping Willow.1034 

Wet&IUa..1189 

Wheat.1142 

Wbeol-diai^d, sue llotate. 

White wood..... 78 

l^orW^vi.'.«*.169 

Whdrled...'... 350 

Whortleberry....,.928 

WUlow,..,-....1034 

Winged fruit...992 


Paragrapk 

WJngB. m 

Wlato^£e. 742 

sherry. !SI1, 

'Vnnrcrgroen. !)20 

Winter's till rk. 743 

Wltch-liassul family. 887 

Wood, formation of.. Ill 

Woodbine, •jarac as Honey¬ 
suckle. 

WoodrufT. 90^> 

Wood-snrrel.821 

Woody-tihre. 

-In the hark.. 83 

WcMiUy layers. 77 

Woody iiiaKses, unomalous. 113 
WcHKly stems, peciiliur Bra- 

ziliun. 90 

Wwdy tissue, glamhilar... JW 

.., puiu'tated.. Jk) 

Woody w'cdges In pepi»cr.. 5)0 

Woolly. W) 

Woorall, or Wourali. 1M7 

Wormseed. 5)17 

WonuM'ood. 5)17 

Wycli-Klra is IJluuis mon- 
tana. 

Xanthic scries of <'oIout>... 675) 

Xantliophylle.07'» 

Xanthorrh;ea.1073 

Xantlioxylitcuu'.S29 

Xyridacca*.losi 

Yam.lO-W 

Yew.1014 

Yiieea.I 071 . 

Zabncajo nuts are th(‘ ]iro- 
duce of LceytliLs '4dni- 
«»ja 

Ziuniu..1046 

Ziimiostvobus.I1S7 

Zamites.118“ 

Zantboxyla(^a'. S25» 

Zcbni-phiot.10152 

Zebra-wood.v8P5 

Zinglbenu'tw..H)59 

—iteglon of.,.lir).‘» 

Zizyiilms..841 

Zones of vrootl. 77 

in Exogeus. 7!) 

Zones of vegetation.115(> 

ZoocarpH, siunc as Zo<»- 
Hporea 

ZooBpenns, same as Zoo- - 
spores. 

Zoosporca.2m 

Zygopbylluccse.825 




































































































